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reduce that Curvelineal Triangle, to a Plain, Ani 


| tar, and rigbi-lined Triangle, by which the Latitude, | 


Longitude, Courſe, and Diſtance, could be readily aſ- 


; 4 ſigned upon every Occaſion, with the utmoſt Truth, 8 


N 


poſing. the Surface of the Sea, were truly. ſhenical. 


This happy Invention of. the Nautical Nene 5 | 
i Was firſt publiſhed by: Gerard. Mercater in his Mad of: the 
World, and which therefore retains the Name of, Aﬀerca- 


tors Prajection or Charts but as he did not publiſh the Way 


=” ; Ae by Wen kues Map aß Chart was made, our 


1 e e | 


py 


Philo phical PRINCIPLES 5 NAVIGATION. 1 


Country- Man Mr, Waichr had the Honour of doing 


that, reſerved for himſelf; he firſt publiſhed the Rational | 
of that Chart in the ConſtruQion of a Table of Numbers 


Which have ſince been called Meridional Parts, though the 


| Title he gave them was 4 Table of Latitudes to every 


Minute & a Meridian of the Sea Ghart, in Juch "Parts 


| wwhereaf” every Minute of the Equator contains 10000. hs 


By this Table it became eaſy to conſtruct the Chart 1 


l for any Extent of Latitude and Longitude, and therefore 


4 = 


the Navigator was intirely delivered from the Uncer- 


tainty and Errors that attended all former Methods of 
Navigating the Seas and Oceans of great Extent, and 
were now enabled, with proper Data, to make Voyages 
round the World, and. Which wefe alter warde aQuially un- 


dertaken with Succels. 


But what makes this Table ob the greateſt Note and 


: Conſe vence, is, that it is a TABLE of LoGARITHMS, 


and as it was oubliſhed before the Year 1610, it appears 


to be an INVENTION of Logarithms, earlier than that of 


Neper, who is generally (tho! falſely) reputed the Inventor 
of this uſeful Species of Numbers, For they who do not | 
know that a Table of Meridional Parts, and a Table of Los 


garithmic 7 angents are one and the ſame Thing, differing Ee 
only in the Madules ok their teſpective Scales, muſt be a 
{ Novice indeed in the very preliminary Principles of Nau- . 
tical Selence, The Method Mr. Wright took to com- 
pute this Table, will be better underſtood” when the fol- 8 
1 lowing Particulars are duly confidered, viz. Ws 


Firſt; He conſiders the Globe as included i in A bollow | 


Cylinder of the ſame Diameter, and touching it preciſely 


in the Equator: in which caſe the / Axes of the, Globe 


Ind Cylinder coincide in one. 


Secondiy; ; He ſuppoſes this Globe te to ſwell like I "Bladder 1 
be FE is in blowing) ay: in every Part till it l 


4 1 75. ene e „ 2 _ 


WW and j Join itſelf wy ho wer Wale Surf 
- Cylinder. „ e bier 


Thirdly; In abs kt the Farillels of N will be 


All extended into Circles upon the internal ſurface of the 
N e equal and parallel to the Equator. 


Fuuf thy; The Meridians of the Globe will be thus 
transferred to the Cylinder in right Lines, and parallel to 
each 'other whoſe diſtance is is the ſame __ that _—_ 


they have in the Equitor, 
nh; That ſuch an Extetifion of the Parallels will 
occaſion an Increaſe of the Degrees in egeb, decauſe they 
5 will every where become equal to thoſe of the Equator. a 


_ Stxthly; This Swelling of the Globe is in ſuch a Man- 


ner that the Degrees of Latitude in the Meridian encreale. 


n the ſame Ratio with the Degrees of the or” 
Parallels upon, the concave cylindric Surface. 
+ Seventhly ; Since the Rhumb-Lines upon the Globe make 


pg OE 


Are Angles with the Meridians, they muſt do the ſame 


in this Projection, becauſe the Site or Poſition of * 


| Point or Line is preſerved in the Projected Surface the 
mme as upon the Globe by a ſimilar Extenſion of te 


| Degrees of the Parallels and Meridians. j 


" Erghthly; That ſuppoling the Concaye "ge of the 5 


| Cylinder were now to be expanded into a Plain Surface, 


it would conſtitute what he very properly. calls A Nautica! 
PLANISPHERE, in which the Meridian, Feral, an any | 


6  Rhumbs are all Strait Lines. 


The Radius or Semidiameter of each Parallel being (in 1 
his Proqection) made equal to that of the Equator, it 4 * 
low, theſe Parallels are encreaſed beyond their natural | 
Magnitude on the Globe in the Ratio of the Co-Sine of the Ef 
Latitude to the Radius, This is evident from (Fig. 1.) 
where EP Ii is a Meridian; E C I the Diameter of the 


Fe BLHa a Para! of Lare whoſe Semidia- 
meter 
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meter B D is the Co- ine of the Latitude E B, or Sine f 
BP. Let E G be a Tangent to the Equator at E; and by 
this Projection, the Semidiameter B D of any Parallel is 
entreaſed to DF = CE; ſo that its natural Magnitude 


B O ii to its enereaſed One DF „ ee N : 


"oy to the Radius of the Globe C K 


But this Ratio is the very ſame with Wl 6 Rates w 


Pane Secant of the given Latitude, for draw the Secant 
C G, and the Sine A B, then the two ſimilar Trian. 
ges EG C, ABC g¾)¾ů-ͤ AC r B C:: EC:. OG.. 
that is, B D: EC: EC: CG; Or the Co-ſine f 


. Latitude B D mn eher . E Ci is to the 
nne Gr 1 . 1 WIE!» 2 


1 10 ns hes ines Nautical vg 5 


| This of Latitude and of the Parallels are encreaſed 
__ conſtantly in the ſame Ratio «ef Radius to the Secant of 
Latitude; therefore the Length of the f Degree in the | 
Nautical Meridian Line will be but little different from 
. the Length of a Degree in the Equator; and the Length | 
of the foft Minute will be till leſs different from a 
Minute in the Equator. And ſince the Radius (one Term 
of the Ratio) i is 2 conflant Jn, it follows, that if the - 

"a. 8 Length of a Minute in the Equator be made Radius, then 
Lech Minute in the Meridian Line will be equal to the - 
 Secant of its reſpective Latitude; and the Sum of uh 

or Length of the whole protracted Meridian, will be equal 


1 to the Sum of all the Secants of 5400 Minutes of the | 


* 


1 Quadrant ; ; but as the Secant of the laſt Minute is infinite, ' 
. the protractad Meridian muſt be infinite lixewiſe. 


To render this Ides more intelligible, Jet A N (Fig 2) 

* the Radius of the Equator, and A B the Length a De- 

T in it; and draw through A and B the right Lines 
N, K N, indefinitely; in the Line I N let N D, N E. 


* 2 Se. * the 188 W third, &c, De- 


% ey 
{ ” 
5 f g 
1 
£ 
8 i * 5 ; on * 
* . 1 4 Ss 2 F 29 * N 68 : - 
ve > i | 
. — 


54 


6 'The Mazngs' s Musen; er "In 
Stet Re CAS i EN 
H, &c.. e Er- be n wee 
DO EN: RF. H, &c. Hence it is 
eee aer in d Tonen, 
will be the Length of the firſt Degree in the Meridian, 


_ As it is at the End of the firſt Secant D N; and E FfWwil 


third Degree of Latitude; and io on ebntinuall p. 


be the Length of the ſecond Degree, as it is at the End 
of the Secant E N of two Degrees. Thus the Secant 
of three Degrees G N gives G H for the Length of the 
IA B, DC, E F, & H, &c be confidered. Y 
mares! inſtead of Digrees ; and the firſt A B be made th 


conſiſt of as many Parts as Radius uſually does, Vi. 


yy e e . | oh 


. to the firſt Minute D 0 10. 000009 
5 n EF 49.008003 | 


AB = 19:000000,; then will alſo the firſt Minute in 


me Meridian be D C = 10.000000 ; che 0M 


Minute E F. = 16:000002 ware IN nag 0 FS 


Is 


= 


x Sam is the Arch of 2 Minutes 20,000002 
* this add the Secant of 3 = 8 H= 8 


"63 * 


The Sum is the Arch of 3 Minutes 30. 


| nutes, you obtain the Arches of the Meridian till- you - 
come to the firſt Degree, where the Arch will conſiſt of 


600. 01a, the three laſt Places of Figures in the fore: 


Boing large Numbers being omitted. By continuing this 


Addition of Secants the Arch of 4 Degrees will be 


Z found 1. 200. 51965 the Areb of 3. = 1.800.749 3- the 
Ach of 105 '# $030475 4 « 1 Auch of- 20% 
18 n e ; Nee ob1 # tel 


* . 
Bud 
R 


eee the Secants of dhe following MMI. 


* 


1 


Philoſophical Pi errLESGC of NAVIGATION. 7 
18.883.768; aer of bo? = 45:277-x06, and 2 
Aich of 80% 59, S 323.465.279. 
In this Manner Fe Wright prodlede# ü Ws —Y 
eant ef every Degree and Minute of che Quadrant til 
he had finiſhed his Table of Latitudes; which as it was 
the'firft; ſo it was by much the largeſt that was ever _ 
liſhed; the Common Tables of Meridional Parts being 
only Abridpenients of this original One. And they who 
know how to — Things of this Nature, will look 
upon this firſt Table Logarithms ever ester and 


— 
D *. — We » 
ä— — — 5 
— — 2 N 8 


n * - 


_— 


| 7 © publiſhed" to to the World, as an ee ates count | | 
5 Linares _ a «ſignal Honour to e e mn R 2 | 
an: 8 0 = oy , - 2 # 


8 5 ; 13 Be 4 5 fa | 25 ä 
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a Or Frcurt W the Kare and 851 ; 52s — | 
NE  PLANATION of the Phyſical Cavsts which neceſſarily 
produce. an Ellipſoide EP, in the EARTH (INN 
about an Arie. | | | 


\\ 45 


Tar 7 n of St as. St ad 1 
| hitherto conſidered, is founded upon the Suppoſition That. 
_ the EARTH it of a Spherical Form, or is a real GLOBE, 
But this Hypotheſis. has been long ſince found to be falſe; is 
and therefore this Theory, a8 alſo Mercator 's Chart require | 5 
to be retified.; and the uſual Methods of ſolving tbe 
| 11 Gaſes! of Sailing muſt undergo a conſiderable Reform, 
and be modified and adapted to the True Figure of the IM 
' Earth: FF 12 2 
near the Truth as is poſſible. | 
From the Nature of Things, it cannot: BY reel, 
a e of ö be PIN INS 


3 | | 105 
, : x s 


* a ” 
d a 2 , 
] r doen 3 5 
Fram es. 0 — 
15 n 


- — 


3 The Maniuxz' ;Minzon; of „ A 
Mate of Rotation upon. i its Axis is 3 10 Times 


of Ignorance, when no ſuch Motion was allowed to the 


Earth, Mercator's Map might paſs for an ingenious and 


valuable Diſcovery ; but when from the juſteſt Reaſoning, —_ 


Experience, and actual Meaſurement, it was diſcovered 
that the figure of the Earth was not that of a SPHERE, 


- but. of a SPHEROID,. having f its longeſt Diameter in | . | 
the Equator, and the ſhorteſt paſſing through the Poles, 


it was no longer a Doubt that Mercator's Chart and the 5 


Nautical 2 ; Line muſt be defective and erroneus in 


the Solutions. they. gave; to. the various Caſes len, * Ts 


and conſequently: qught to be reified. - 3 
But that the young Mariner may ſee the Natural Rea 


| ſon-or Cauſe of the Spheroidical Figure of the-Earth, 1 
mall endeavour to place it in as clear a Light as poffible. 


Therefore it is firſt to be obſerved, that Matter is in itſelf. 


miert, or without . any Power of Action; and therefore 
| cannot alter its State either of Ret or Motion. 


. +22 It be acted upon by any Powers or Forces. exter- 5 
nally, as a Bullet by the Force of Powder in à Gun, then 


the Impulſe being conſidered as ſimple or inflantaneous 


will produce an equable en! in n the Body, and! in a 
right ned Direction. e 


It another Force be a to Pn ths RY 


5 Body At the ſame Time, and not by one ſingle but a con- 
kant equsble Impulſe, and directed to a certain fixed ©" 

then it is plain, that ſuch a Body cannot move in the 
- Right Line it did by the fingle Impulſe, but will be de- 


flected from it by the conſtant Action of the ſecond Force, 


5 5 and it will deſcribe a Curve in its Motion. So the Power 
of Gravity acting upon the Bullet in its flight, cauſes it 
1 to deſcend in the Curve of .a' Paras. 


If a Stone be tied to „ 


+ pended by the' Hand at the other End, the String will be 


- 
bo Ea Fa 


* . 
* * 
4 . £ 
41 


OR 


Pilgepe! rende. eder DIED 4 


/ Aretched by s Force arifing from the Weight of the Stone, 
7 or Action of the Hand upon it, which ate equal te each 
other. This Force while the Stene remains at Reft in 


the Perpendicular Line, io called its Gravitation toward ; the 

Earth. 

But if this Stone be whicted about the Inn in 5 3 
Manner of 4 Sling, it will fave 1 circufar Motion cmmu - 
nfested td it by the conftant Action of the Hand; and then 

. the Stritlg will be irecchied by another and grviter OY 

hielt nd is callect a Cr Forte, as it reſpeQs the Center 
of Motion. And as the Body would fly from the Center were 
it not reſtrained by the Strings it is in that Reſpect called - 
the Centrifugal. Force; and in regard it is eonſtantiy ſoli- 

Cited or urged to the Center by the lame Action * the 
String, i it is called the Centripetal Farce.” 5 | 
i." Tha Central Forces are, in eee, 
| city, in- the Ratio-of the Squares of * the J. elbeities; that is, 

if the Body move twice at Hal, it will cauſe a Tendon of 
the String four f times as. great, and ſo on. Therefore. by 
an Increaſe of Velocity, the Centrifugal Force of the Body _ 
may be ſo- greatly increaſcd as to exceed the Force of Ca 
baelon in the Parts of the String; in that Caſe, the nog. 

Vin Break, and the Stone fly a-way. 4 1 

Baut to render the Ideas of theſe 5 wy their es _— 

b more familiar, T ſhall here give a Theorem by which the | = 

Centri ifugal Force ariſing from circular Motion may be com. 

: pared. with the well-known Force of Gravity, which call e 

Li Whoſe. Effecb is the Wight of. Bodies, by which i it may be re- 

5 preſented, and that by Unity, or G=1, viz, one Ounce, one 2 

; Pound, one Hundred Wight, &c. Alſo let F be the Cen- „ 

miſigal Force of a Body A, , revolying in a Circle A B DFH 

at the End of String C A, faſtened inthe Center © (Fig. * 

Alſo put p= 3.1416 Periphety of 2 Circle whoſe Dia- - 

- pr. 1-; & ibs Fee, the * 8 which, a. 8 


« 5 4 7 CG ot. FM; « 
__- EE, ; Uk 3 MS | 
4 : ; 
* { 4 ” $ = 
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10 1 The Manmuy's 8 or. 1 
Body deſcends in one Second of Time; — then put 
E=0,61362=e; D=Diameter af the Circle, and T= 


Timeof one Revolution i in it. Thy en the Theorem is a D= = 
1 F, the Power of Gravity G being=1.* _ 
+ To exemplify this Theorem, ſuppole the Weight of the | 
| Body. A one Qunce= Gz the Length of the String AC=2 No 
| Feet; then is D=4 Feet; and ſuppoſe. the Ball whirled - 
round che Center C at ſuch à Rate as to make one Re- * 
volution in ee then T=0:5. And the Theo- 


nem will be 22 It F 9.818 Or xces, that is, the Centri- 


fugal Force 6 will be'almoft To Ounces, or the String will 
be firetched with a Force near 10 times as Your as” 
which would ariſe from its Weight alone. e 
1 If it be required to find eee 
1 weird once round to acquirea Centrifugal Force equal to its — + 


Weight, weſhalltavey/GDET=r. 56”; or the Time will 
1 a little more than three Half Second: to make F = G. 

Hence it is evident if A be a ſmall Bucket of Water 
en round in a Circle vertical to the Horizon, fo 
that the Time of one Revolution be leſs than three _ 
© Seconds the Central Force will exceed the Weight of the 
= and therefore it cannot fall out when the Bnet : 
Ip its Bottom upwards. 3 

In the very ſame Manner we ade" theſe Fits "= 
_ þ revolving Earth, a Meridian of which the ſame 
=. Circle AB D E may now repreſent, and A a heavy Body 
upon its Surface, held there (not by a String C A, but by». 
the Power of Gravity G, which is vaſtly greater than the 
Centrifugal Force F in the Body, from the diurnal Rota- | 
tj ion of the Earth upon ite Axis. What this Exceſs of 
1 3 above the Central Force i Ms wy perk ne 
. from the foregoing Theorem. 

This mere ah u my nue ne. 


: vurta, 2170 t0 len. . ; 5 ©» Pb Y 


— % 
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P hilsſephical PRINCIPLES of NavicaTion. 11 
For the time of one Revolution is 23. 56 31 


$6167” „5 T, and fuppoſe the Earth near 8000 Miles 
| 3 or 42000000 Feet = D; then we ſhall find 
RE ris = Pz therefore G: F 1: rl :: 289 I, 
| that is, The Force of Gravity by which Bodies are hept how 
"I the Sur face of the Earth is 289 times greater thou the amok 
29: trifugal Force by which they endeavour to fly off. 
Ik Bodies revolve in Circles of different e D, 
but i in the ſame Time T, it is plain the Centrifugal Force 
F will be as D; and therefore in any Parallel of Latitude 
5 will be as the Diameter or Semidiameter of that Pa- 
©".  rallel, or as the Co- Sine of the Latitude. But a Part of this 
Central Force only oppoſes Gravity, which Part is alſo as 
| Me Co- dine of Latitude, Therefore the whole Centrifugal 
. Force at the Equator is to the efficacious Part in any Parallel, 
Eh 4 3 f Radius to the _ of the Cv-Sine of La- 
 _#itude.. 
| From the Confiderition of the Gravity of Bodies belt 
fo much more diminiſhed at the Equator and Parts about 
it, than in other diſtant Parts, and is not at all diminiſhed _ 
at the Poles, it neceſſarily follows, that in the original or 
_ Chaotic State of the Earth, when all its conſtituent Parts 
were undoubtedly in a lax or yielding State, thoſe about 
the Equator muſt riſe higher from the Center to maintain 
an Equilibrium between themſelves and the heavier Matter 
At the Polar Regions, and therefore the Figure of the Earth - " 
Could not poſſibly be of a Spherical Form, but muſt 1 >? 
on that of a Spberiod. 3 . 
The Experiment of moveable bra. Cucles, « or Hae. 
_ Properly placed upon a Square Axle, and whirled round 
pretty briſkly, ſufficiently demonſtrates to the Senſe the 
= Truth of all the above Reaſoning; for by fuch a Ro- 
2 ut the Axis, a Centrifugal Force is immediately 
i Cc 8 ; 5 


N. 
4 


reſtrial Parts or Lands about the Equator could not recede 


12 | The "NT 1 10 r 


N in all the Equatorial Parts, and ſo . as to 
make the Hoops fly out in the Middle Parts, by which they 


ate at the Poles or upon the Axle drawn in; ſo that the 
Equatorial Diameter ſepſibly exceeds the Polar one or 


"Axis ; and the Hoops in whirling round ſo quick, exhibit 


the pleaſing Appearance of the true Form of an Bllipfoide, 
the ſame as the Earth muſt put on, from the ſame Cauſe and 
Circumſtances. © It muſt alſo be obſerved, that if the Ter- 


from the Center or riſe equally with the Aqueous Parts br 
Oceans, they muſt have been deluged to a prodigious 


| Degree; ; and only thoſe Parts or Regions towards the 
5 Poles could afford any Habitation at all. The whole 

| | Terraquequs Ball therefore, Land as well as Water, roſe . 
-. mutually. from the Center by this Cefftrifugal Force, in 
N ſuch Manner as to render it a moſt commodious Seat or 


5 Habitation to a race of rational inge intended | Ms Goo 


ciety abe e e 


F a 


I ” 88 _ T op = * > 
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the DIAMETER of the EARTH EQUATOR to.its Ax1s z 


$5 


| * andthe MaGniTupe of the EARTH from thence derived, | 


The whole founded upon afiual MEASURE of @ DuGnne 
In different Parts of the e, 


N 


7 


F I» 


; 1 Goin the Figure of the Farth 80 a. 
ſerily be that of a Spberojd ; the next Thing to be done, is to 
- Inveſtigate the Ratio of the Diameter of the Equator to the 
Axis of the Spheroide Earth, which we ſhall do by a Method 
eh genuine and geamettidal, as.eafy to be underſtood | 
F „„ 


K * 9 114 
4 p . 3 3 
* 8 < 
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25 407 Thing of this Nature can be deſired, and what is 


peculiar to itkelf, is, that it depends upon no precatious 


Principles taken from Pendulums, &c. but ſolely upon the 


Aqqual Meaſure of Degrees i in different Parts of the is ; 


tic Meridian. 
The Foundation of this Theory lin in the A of 
the Conic Seftions, particularly the Circle and Elif which 


are here preſumed to be known. Therefore let EP Q þ- 
be a Meridian, (Fig. 4.) E Q the Diameter of the Equator; | 


P the Axis; D the middle Part of a meaſured Degree. 
The Latitude of the Place is EO D, the Radius of Cur- 


vature in the Point D being ſuppoſed G D. Draw the 5 
i Diameters D F, and M N, which is parallel to the Tan- 
gent R X at D, Alſo draw C I perpendicular to the ſaid 


Tangent, and it will be parallel to G D of Courſe. From 


the Points G. T. O, draw the Perpendiculars GH, Ts, 
and O 8 tothe Diameter DF. From the Point L, taken 


| indefinitely near to D, r the Ordinate L K, to the Dia- 
meter D F. A | 4,0 


Then by the Pripenty 6 of the Circl ( deſcribed on 7 


| Center G with the Radius G P) it is eaſily ſeen that DK 
X*x 2 H=LK:, (for DH&D G may, in this Caſe, be 


deemed equal.) Alſo by the Property of Eli ip, i itis D K 
x 2DC: ; 1 Therefore D K X 


[> 2D C: DK x 2DH: CD.; C Ni; thatis,D C : 
D H:: CD“; C Ns, and therefore. DC ; CN;;CN:; 
D H. But by ſimilar Triangles D C I and D G H, it is © 


DC:CI:: DG: DH; therefore D D H 
C N* =1Cx DG; and therefore OS - EN: 
CN therefore alſo C1 x CN: CN CN; 


50. Bat the ReQangle CI . ON SC PSO. 


"ny CTR of the two * Conſequently & P 
4 | | | 1 EM * 


\\ 


| 
FI 
ö 
9 
! 
J . 


3 CQ: ON: .CN: DG; and 
ape Rain eee 


WW * 
7 
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© Therefore at the Equator where C N =C P, the Ra- 


%  diuvof Curviture D G, and the Length of a Degree, witt 
de a CP; and at the Pole they will be as CE. 


Let DV be drawn perpendicular to E Qin Wz then by 0 4 
ſimilar Triangles D 5 Oand DU C, we have DO : DS:: 
DC: DU; and by the Triangles DWO, D UV, it 


is DW: DO:: DU: DV; therefore DSxDC= 
D O DU g DW NV; but it eaſy. to prove that 
| DW x DV = CP, therefore DO x DU = CP. 
| In like Manner i it is ſhewn that DT X DU = Cc E; 
and therefore, that DO;DT::C Pi: CE.” 


From D draw D Y perpendicular to the Axis P 53 3 ; then” 4 . 


wy fimilar Triangles WD O, DYE, we have. WO: 
DO::DY(=C W):D T; therefore WO: cw 


2: CPR: CE. By the Property of the Ellipſe we have 


CW CP. =D W.; CH. P., therefore won 


C P- DW“: : CPC: CE. | 
Let Z be the Focus of the Ellipſe, and was PE 5 


20 then C Z. CQ - C., and becauſe D O*= 

 D W* + O W,, we have (by Subſtitution) the laſt Ana- 
logy changed to this, viz. C P. D O-: WOnGP... 
OPs; and putting S and C for the Sine and Carbine of 17 


Latitude E O D, we have O W::OD® :: 


| whence C P* — DO: DO“: : C ZT G:; 1 
laſtly (becauſe C*=1—$) we have D O.: ;CP::: 
NP»; groen :CP:;CQ=C2x | 


8. 3 | 
e Wera, net D G Ni but it is_alſo as 


| " D3z; for by * preceeding Analogies i it appears. that DO: 5. 


88, & D | e therefore OD OM, aden 


56 o n. e D, 4, de two Places in different 


[ '® . | Latitudes, , 


; 5 


© Philſiphical Pants W a nen. = © 
Latitudes, whoſe Sines are Sands; and let G and g be to 
Degrees accurately meaſured, one in each Place; then, 
becauſeGD : OP? wand alſo, that P Of : Se 7 
we haye Gi gf :: DO 4 CQC 
0 IM Theſe ee Ane 5 
G8 C: . . 


Having thus diſcovered the Ratio of C 2. to C . as 


| Ratio of C toCP:is known from thence, becauſe 
CQE(=PZ)- 82 =CP. 


In the "Year 1736, 4 Degree yas nated * the | 


= Artie Circle, i in Latitude 66. 20. by the French King's . - 
© Order; and was found to contain 5743749 Toifes, of which 


* 823-97 make an Engliſh Mile. Before that, in the Year 
_, Caſſini meaſured the Meridian thro F rance, which 
| gave the Length of a Degree in the Parallel of 490. 22 
equal to 57183 Toiſes. _ _And in 1735, by the joint Order . 
of the Kings of France and Spain, à Degree at Quito in 
PERU was meaſured under the W and found to con- 
| tain 56767279 „„ OR ihe. 
By theſe three meaſured — 8 we have : a threefold | 


8 Determination of the Ratio of the Semi- axis C P to the 


ö Semidiameter of the Equator C Q. For let us firſt take 
 G = 5743793 and g = 57183. Alſo the Sine of 660 20, 
1 is S=9158. 963, and the Sine of 49* 22 is 5 =7588.926 3 

. the Radius n Then GI = 1488,7 ; and 
5 g= 1484335 therefore G3 65 = 41. Alſo Gt Si= 5 
1248, 8 and 27 * = 854,82; ; the Difference is 393-98. | 
Then by the above Analogy we have 44: 393,98 : 
C Za: C Q:: 127 89,5. 

But if we calculate this Ratio from the Degrees elne 
* _—_ and at oe AIRES 1? 10% 3 find 


it 


7 * 
9 


1 » lade diferent from the adove ; for here let the mea 
ſured Degree be = = 567675793 and the Sine 19 10 be 


8 203. 608 ; f. 0 7,253 and g7 5: Lek - 


85442. | Therefore 7525 3 85a; 0 Za; :C ;; 121 


117.82. 
Laſtly if we derive this Ratio Poe bete 3 | 


| grees at Quito and Lapland, we ſhall find that. different 


from: both the ſote- going Omes 3'for G . = _—_ 


and G8 8 124819. Conſequently 1 we have ! 


11765 1248, 19:: CZ C: 1: 10%. 14. | 
If theſe three different Ratigs be added together, their 7 | 


the Ratio 3 314,46, which is the ſame as 1 : 1046, 82; 
therefore a 2 25 of all the three Ratios is 1: 104,82; 


CnC ud as this is moſt certainly neareft the 
| Truth, it is 4! the ſame time the, moſt. ure wb. cans 


80 for or expect. WY 
"Since C'Q*— G 1084 = C5 Werde it is. 
See: 103,82 104,82. Confequently we have 


| this Determination of the Ratio of the Earth's Semi-axis 


to the Semidiameter of its Equator, the utmoſt Accuracy 


in the Earth's Dimenſions, even as a Spberoid, may be | 


N 


FF | 
2 


er:: 16,19 10,24 :: 1019 1024. Now from 


obtained; for the Degree of the Meridian at the Equator 


being 56767,75 Toiſes; and the Radius of a Circle being 
57529578 Degrees; we ſhall thence find the Radius of 


Cutvature at the Equator = en eee. | 


ing. 823,97 Toiſes to a Mile. 
But in this Caſe, the ſaid Radius of Cad is equal | 


to half the Parameter of the generating Ellipfts, that is, 


| _ r= 394743 ; and becauſe C. P.: C:: : 10382. : 


104% 8a, we ſhall find the Radius of the Equator C Q | 


Note G, +, and G, denote the Degtees meaſured in Laplaud, 
Fance, and at the Equator, 88 5 any the Sines of the Lati- 


5 tudes pn aL 


\ V ; * 


2985 


1 


\ 
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3985, Miles. And Since CP: C Q:: 1019: 1024, we 
have the Semiaxis C P 3966 Miles, which is leſs than 
CQ by: 19,4 Miles; fo the Earth's Diameter thro the 
Equator exceeds the Axis by about 39 Engliſh Miles. ROE. 
Then for the Length of a Degree in the Equator, we 
| Have this Analogy, as r = 394734 is to C Q = 3985,4 
ſo is 56767,79 Toiſes to 57314, the Degree in the Equator; 
greater than the . Nagree in the Meridian by 646 
„ a 
To find the Sine of the Latitude, where a Doge of the ; 
Meridian is equal to a Degree of the Equator, we have 


g=57314;&G, 8, as before, to find 5? Then g* = 
1486,5 & 6 147% 05, 67 8 = 0,1243 therefor 
the Analogy becomes 9,45 : 1486,5 $* = 0,124: | 
104, 82; which gives s = = Sine TIF 44s the Latirute 
required. 

Laſtiy to find the Length of a Driebe A the Pole 
P. it is demonftrated that the Ratius of Curvature is there, 


allo, equial to half the Parameter of Axis, or R S 
therefore : R= S. S , as we be- 


fore obſerved. „ as 1019: 104, 56767, 8: 
88 5760, 8, which is the Number of Toiſes in a Degree at 
the Pole, as required. This Degree exceeds a Degree at 


the Equator * 830 Toifes en is a little more than an 
* * | 


7 oy 
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CHAP. IV. 


The Usx of New TBZ E of Meriodinal Pats adapted 

 , © rotbeEllipſoide Ficurs of the EAx TH; as alſo a Table 

_ +» of the LxNxorn 7 80 Arches 28 * e Man- 
 DIAN, 


4 111 E have been no B's of Meridinal PR 
culated to the SpHEROID, or true Figure of the Earth, 


but thoſe of Mr. Mun boch, and Don Antoine de Ula 


the former were computed upon the Meaſures of a Degree 
in France, and under the Ar: Circle which gave the 
Ratio of the Semi- axis C P, tothe Semidiamenter C Q as 
1019 to 1030, 4; but thoſe of De Ulloa ſeem to have been 


ff 5 calculated from meaſured Degrees, and Experiments with 
Pendulum conjointly ; from which he has, concluded,” . 


that CP: CQ: 265: 266 : : 1019 : 1022, 9. 

Now it is allowed by all Naturaliſts that the Denfity of 
the Earth is very probably variable in different Parts; and 
no Law of this Variation is as yet known; therefore the 
Experiments with Pendulums cannot be relied upon for any 
Preciſion in the Figure of the Earth, or in- the Ratio of its 
Diameters. In ſhort, there is no Method hitherto known, 


by which that Matter can be determined rightly, but 8 


by meaſuring ſeveral Arches of the Meridian in different 
and very diſtant Parts; ſo that Method only I have adopted, 
and have determined the Species of the Ellipfis E P Q. 
and of courſe the genuine Figure of the Earth otra 
by the Revolution about its Axis P p. | 
To this Figure, therefore, new Tables ſhould by cal-, 


| = culated to expreſs the Degrees of its Elliptic Meridian. But 
as Tables of this kind are very bulky, when made to every 


Minute of the Quadrant, 1 have computed the following 
Table only to every Degree, and have given the Differ- _ 

enden + thereby the "_ Sailor may be enabled to 
5 * 
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reſolve a Caſe at.any Time either in Numbers, or by Pro- 


traction, as he pleaſes, to the greateſt Exactneſs. 


For by the Gunter and the Differences in the Table, | 


you find the Meridional Parts to any Minute of a Degree. 
For Example let it be required to find the Meridional Parts 


for 42® 3 5. Then inthe Table the Difference between 42 


and 43? is 81, and ſince 60“: 81 :: 35: 47, it is plain 
that with the Compaſſes, or Sliding Gunter, if you ſet 60 to 


81, you will ſee againſt 35" the Number 47, which add : 


to the Meridional Parts for 42, viz. 2761,3 747 = 


2808, 3 the e 1 0 449 35 as OW and | 


exact to an Unit. 


By thus finding the Meridional Parts for every 10 Mi- 


| nutes, you will be able to conſtruct a Chart to this true 
| Figure of the Earth, of any Size you pleaſe; and con- 


ſequently to any Degree of Exactneſs, in the Protraction 
of any Caſe of Sailing upon it. For this Purpoſe of Protrac- 


tion, it will be expedient to bave two different Scales, viz. 


- 0 Sexageſimal Scale for Degrees and Minutes of Longitude ; 
and a Centeſſimal Scale to give the Meridional Parts or 
| Diftances in Nautical Miles; which Scales : are hereafter ; 


deſcribed in Chap. XI. 
The Art of Sailing truly cannot be attained . an- 
other Table yet, and that is a Table of the Value of every 


| Degree contained in the Earth's Elliptic Meridian, and of 
- the Length of the Arches of ſuch Meridian from the Equa- 
tor to each Degree of Latitude, all expreſſed in Nau- 


tical Miles, or Minutes of the Equator, and Centeſſimal 


Parts. And by Means of the two Fables and the two 8 
. Scales, every Caſe of Sailing may be reſolved numerically, . - 
„ by Protraction, with all the Truth, Accuracy, and 185 


45 uind in the Nature of Things. 


It will be ſhewn in the next Chapter, that 40 Nautical . 
Heterogeneous Triangle (formed on the Globe) admits of - 
an es Solution by being projected in Plano by Mercator's 5 

"Bis * | e ; 


> Vi, 
4 


20 * The MariNER's Mizzon; or - 
Method; was that from thence there will APY 
Triangles ABD and A C E, (ſee Fig. 5.) in the Firfi of 
which A B and AD are the Natural Different of Latitude, 
aud Diftance ſailed; and therefore the Meaſures of theſs 
Parts require the Uſe of Table Il. But the Triangle 
A 1 conſiſting of the ſame Parts enlarged by the Pro- 
jection, makes Table I. neceſſary for their Meaſure, which 
Table goes no farther than 70 Degrees, which is as far 
as it can be of Uſe. And any one arquainted with the 
| Labour of calculating Numbers for the Spberaid from 
the Common Tables of Meridional Parts by Mr. 
. s Theorem, will not woo at my Roping 
there. 
N. B. The Reader will eaſily ſee A ni 
the third Column of Table II. are the Lengths of each 


_ reſpeQive Degree i in the BEE: Meridian ge . 
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from 4892 to 522 incluſive ; and the Extent in Longitude PU 
may be any Number of Degtees not leſs than Six. (See 
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CHAP. * 


A New Mzrhon of Conflrudiing Mexcaror's CHART 
for any Particular CasE of SAILING; and to meaſure 


the ſeveral Parts ee to the Exacruzesof a A "6 


of a DEGREE. 


55 Tow Manner of forming the Chart, and. protradi ing 
any Caſe of Sailing upon it, is this; ſuppoſe a Ship ſet ſail 


from a Port A, in Latitude 519 30 upon .a Rhumb AE, 
making the Courſe or Angle with the Meridian of 47 44, 


and arrives at a Port E, in Latitude 480 15 > wh a Differ- ; 
ence of Longitude 5? 40 3 | 
Io conſtrue the Chart for this Caſe, it is evident, hace 
the whole Difference of Latitude is but 3®-15”, the Extent 


of the Chart need only be of four Degrees Latitude, viz, 


Fig. 5. 
Let HI be 8 for. the Parallel 4 400 e and 8 


we ſhall here ſuppoſe each Degree of Longitude half an 
| Inch; as in the Sexageffimal Scale, let there be drawn eigbt 

parallel Lines at that Diſtance from each other, and per- 

pendicular to the Line G H, as thoſe from I F. to K L in- 


een and they will repreſent the Meridians of the Chart. 


la the Line I K take K H of a convenient Length, and 
ö draw. HG parallel to K L.; and becauſe in the Table you 
find the Degree between the Parallels of 48 and 40 con- 
tains 90, 2 Parts, you take theſe from the Centeſſimal Scale, 
and ſet them from 48 to 49, and you have the Point 
fttmhrough which to draw the Parallel of 40 and by ſet- 
ting off the {oigwing: Differences 92, 94, 96 in the ſame 
Manner from 49, 50 „515, you find the Points through + 
| | | which 55 


\ 
. 
* 


4 u, Manninn's Mitko; # | 


which to draw the Parallels of 5, 51, 523 and _ 


the Chart, as far as AIG for this Caſe, is finiſhed, as 
in the Figure. 
By the Scar of Nita srch urs (hereafter de- 
fſteribed) the Chart, in any Extent leſs than 60 Latitude, 
may be conſtructed moſt expeditiouſly ; for A B (Fig. 2.) 
being a Degree in the Equator, the Parallel Diſtance at 
IO, 20, 30, 40, 50, bo Degrees will be the Length of a 
Degree in thoſe reſpective Latitudes. Or if 2 A B, 3A B,. 
4 AB, &c; be the Length of a Degree in the Equator, 
ten twice, thrice, or four times the Parallel Diſtance from 
16 to 10, 20 to 20, 30 to 30, &c. will be the Length 
of the Degree in thoſe Latitudes, in the Protracte Me- 
ridian of the Chart. All which is evident Tomy what has af 
| deen premiſed in Chap. I. Fig. 1. 
In the next Place, you delineate o or protraQ the ares 2 
Cale of Sailing upon the Chart; thus; through the two 
gen Latitudes of the Ports A = 51 30", and E = 48 | 
1% draw the dotted Lines a b, c d, the firſt of theſe, ab, 


will cut the firſt Meridian in A, which will denote the 81— 5 | 


tuation of the firſt Port or Place of the Ship. Then byMeans - 
of the Nautical Protractor (or Scale of Diagonal Chords) 

ſet off the Angle ok the Courſe CAE = | 

drawing the Line A E indefinitely, it will interſect the 


"6 4 | 


given Parallel cd in E, which will be the Port the Ship is 5 1 


arrived at. Conſequently the Difference of Longitude is 
the Line C E, and the Diftance ſailed is the Line or 
RNhumb A E; and thus all Parts of the Caſe are properly re- 
preſented on the Chart, in the Triangle A C E. Hence it 
appears that the ELzmenTs, or Efſmtial Parts of aCasz 
of SAILING are four, viz. (1) The Difference of Latitude 
Ac. (2). The Difference of "Longitude E C (3) The + 
Auel. the. Courſe C A E; and (4) The Diane run AE.” 
No any two of theſe four things being given or known, 
. e a ann 28 of Navigation; for for by them 
N the .\ 


Philoſophical PrrxcibLes of Na4vtextrion. 25 
the other two may be found; and hence there will wile 
l 4 


e bt L. Given, Diff. of Lt. and Dif, of — 


LVSought, Courſe and Diſtance failed. ; 


0 aſe 1. Cine, Diff. of Latitude and Courſe. / {1 
: L Sought, Diff. of Longitude and Diftance x run; 


{TJ 
* 
ry 


Caſe 11 C Given, Difference of Lat, and Diſtance, ſailed, 
l Tsoaght, Diff. of Longitude and Courſe. 275 


c ae IV. \ Given, Dif. of Longitude od Comte, EE 
Tought, Diff, of Lat, and Diftance run 


Given, Diſtance All and Cong," 
Sought, Diff. of Lat. and Diff. of Lang, 


The Hirth Caſe mhich gives the Diftanee f failed, and 
und Difference of ongitude, to find the Courſe and Dif- 
ference of Latitude, is irmpoſlible, In order to. make this 


ei v. 


appear, let AB = Natural Difference of Latitude upon ; 
the Elliptic Meridian; and thro' B draw BD parallel to 


CE, cutting AE in D; then there will be formed two fimi- 
lar right-angled Triangles AB D and ACE; and fince 


AC: AB!: AE: A; it is plain that if the Ratio of 
AB to AC ks unknown, as in this Caſe it is, the Ratio 


of A D to AE will alſo be unknown, and conſequently 


the Diſtance A E will be ubkiiown alſo. Therefore No- 


- thing can be found from fuch Data. 2 


The Meaſure or Quantity of theſe four Nautical Elements 
"as thus ealily obtained, viz. The Difference of Longi- 
tude CE taken in the Compaſſes, and applied to the 
| Sexageſlimal Scale, will be knowninDegrees, and Minutes; 
vr if applied. to the Centeſimal Scale; it will be given in 


e Miles of bo to Nan | 


— eh <tc ag oe Fr ies ten" me ot — py — 


— e . 


* 
wn _ > * 
— Q | TIE ens — 4 6 
4 
1 F — 7 * 


r 


_ of Latitude AE. Alſo this is ara een, known by 


by applying it to the 


* . 0 
— u ; - of 1 
26 ., The Mariners Minox $200 on hgh 
2 F % "a 


The Angle of the Courſe CAE is meaſured by x Pro- 
tractor after the uſual Manner; or by a Line of Chords 
on the Plain Scale or Sector ; for the Sake of, thoſe who 


eie chuſe to be exact in their Operations, 1 dave con- 
trived (ſome Years ago) a Nautical PROTRACTOR' by 


which this Angle may de laid off or meaſured to a Mi- 
note; 48 alſo a Liu of Chokps Gael Svided for 

"The Natural 88 of Lats 4 Bis. kno a by U- 
ducting the Arch of the leſſer Latitude from that of the 


greater, 28 contained in Table H. And aftes the ſame 
Manner ybu take the Meridional Parts anſwering to the 


leſſer Arch from thoſe, of the greater, in Table I. and the 
Difference will be the Length of the enlarged Differ > Es 


mezſuring | it upon the'Centeflimal Scale. 
The Diſtance faite” mult Always be eflimated 10 its. 


Natural Length A D, and not the. artificial one AE. 


This i is done two Wann, viz. by this Analogy, . AC: "4 


AB:: AE: A. Or r. 2dly thus, if the Latitude of your 


Chart Le} Hb be large engugh, you. may take the Length 


A E in he Compaſſes, and ſo apply; i it to the Degrees by 
the fide of the Chart, that. the Points of the Compaſſes 


may be equidiſtant from the Parallels ab, c d, and abſerve 


the Number of, Degrees and Minutes they comprehend; 


for theſe turned into Mues, will be the Diſtance inlet, oe, 
equal to A D. 


N 1c 


In like Manner ang Diftance — 4 Paralltt is yoke KY 
h egrees by. the Side of the Chart, ſo. 


that the middle, Point of the given Diſtance may lie-upon. - 
the given Parallel, and then you will have the Number 
of Degtees contained in the whole extent above and be 
* 25 Parallel ; and ads bn the Sexageſſimal, | 

5 Scale | 


375 . the Diſtance failed. 
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Scale, vil ſhew. the Number of Degrees and Minutes 


in the Equator correſponding; thereto, The. Reaſon of all 
which is evident from what we at firſt demonſtrated, viz, 


the Degrees of Latitude and thoſe of the correſponding Pa- © 
rallel,' always Pe 1 in the ee n in e | 
Projection. 1% , OR 40 * | 


9 1 2 N 1 . 
4 : * 4 8 8 * , 4 * * £ n 
4 . a 2 i 
5 3 3 as, s 1 0 5 
* « J r 4 <E ME a 4 * 5 — 
& 2 
1 * * 0 
d ; f 
: 8 
- 
7 i 2 


4 8 of 15 de s Meridionat _ | Patallel b 
SAILING by the — and by the TABLES. | 


＋ + HE what 8 1 Method of oiving any 
\ Caſe of. Sailing we have ſhewn i in the foregoing Conftruc- 


tion of a temporary or ocaſional Chart, and ſhall now 
exemplify the ſame by Lines and Numbers conjointly. 
There are three SpEciEs of Sailing, viz. (1) Meridional 
SAILING, when the Rhumb is due North or South, or the 
Ship's Way is preciſely upon a Meridian. (2) Parallel 
Sanum, when'the-Rhumb is that of due Ea and Wi, 
or the Way of the Ship is parallel to the Equator. ( 3) 
Ozůgue SAILING, when the Rhumb Line makes an Ob- 
* Angle with the Meridians over which it * — 0 


L Meridional SarLaRo. . 


In this ie of Narigatin there are two oc which | 
bo follow. | 5 


Caſe I. Given the Difference of Latte, to e the Di i 
tance ſailed upon the Meridian. 


Example. Admit'a' Ship ſails from a Pot in Latitude 


3 to another in Latitude 15 , North or Suh; 


"2: : . Solution ” 


0 * 
2 + 
* 
. 
i 


% * 0 


8 Te Manments Minox ; „ 


| Salton: In Table II. the Arch of ry is 
F rom which on REC het 25 


Bangles the 8 in Mues | 784 J 
1 B. Had the Ship ſailed upon 2 a Spherical Launen 0 
this Diſtance would have been you Miles. 


Cue II. n ane — and the Di iftance ſailed 

5 due North or South, fo find the Difference of Latitude. . 
Example. Suppoſe a Ship ſails from a Port in Latitude 
directly North, 7 158 3 Miles, 3 the Latitude 

| 5 — 


| To the Numer of Mites failed 571603 
| | "Add thoſe in che Aren of % 8.55 
The Sum i is the Arch mankead.- 893.48 | 


Which i in _ Table you find mee to xg" 5 the lor | 
fitude of the Ship's Place ny pt 1 | 


| J N. 5. Had the Courſe been 1 5 . 
4 From the given Diſtance ſailed 714.83 


1 


. e Ten Axel of 3% 3 : | 
N The Reſidue: i is the Archof 885 
The Latitude South as required. | 


1 Poraui Su 


Cute I. Given the Difference of Longitude, to frat th i: 
1 tance failed aye a given Parallel. | : 
N Example. | Suppoſe a Ship's Courſe upon the Parallel 
aof 50? makes the Difference of Longitude 5 1 
5 ht Te TI * re pans 1 
4 Take 


— <td TT . 0 


n J 
N N A 
. 
*7 
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Taxe half the Difference of Longitude, viz. 2® 30, or 
150 Miles from the Decimal Scale, and ſet one Foot of 


the Compaſſes in the Parallel of 50 by the Side of the 
Chart; then turn the other Point upwards, and it will fall 


upon ga? 35 z and twang | it downwards, and it will fall 
upon 48 22; ſo that to 5 in the Equator, there correſ- 


ponds 30 13 in the Parallel of Ny which make 193 * 
the Diſtance required. 2 


45 Anſwer will be had alſo 1 Titel; j thus 


To the Meridional Parts of 50% 3450.8 
Add half the Difference of Longitude 150 


| The Sum is the Meridional Arch of 51 35 3600.8 


The Diference js the Med, Archof b. 211 5 WE] 


The Difference i is P13? 137 = 193k 


Miles, the Diſtance, as before. | 


| Cale U. e ha Diftance failed apo a given Foa 


ll, t find the Difference of Longitude. 


Example. Admit a Ship fails 193 Miles due Faſt or 


Weſt in Lat. 50? 3 W is ber Difference of Ne" . 
tude? 


Here the dic Method of Solution i is to take 193 | 


Miles, er 4%.- 1 from ſuch Part of the Chart as the given 


Parallel does nearly biſect; thus in the preſent Caſe take 


the Diſtance from 48? to 51® 14 in the Compaſſes, and 


apply it to the Sexageſſimal Scale, and you will moe it 


* to i , the Difference of Longitude required, 


Or by Table I. thus; | 
5 From the © Merjdioual Arch of 3. 1 3 3365 7 
PLE Subdust that of ** 3268. 6 


—— — ewe 


The Remainder is 1 . 


30 + The Mazrven's Ao 5:0 a 


Theſe Miles make 4 athens 
; . If the Difference of 48? 200 and 51 33 bad 
cen taken, the anſwer would Ben 

A, though not quite ſo expeditious. Ls nt 


Caſe III. Given the Difference of Longitude, and Di lance 
| fie upon the Parallel, to find the Latitude thereof, SRD 
Example. "Admit a Ship failing 193 Miles due Eaft or 
Weſt, makes a Difference of i 55 z in 1 hoes | 
titude is.the;Courſe? | : 
. Becauſe. the Diſtance failed. 193 Miles is 35 1 1 in n the 
| Parallel ſought, therefore take the Difference of Longitude 
5 in the Sexageſſimal Scale, and carry it in the Compaſſes 
to that Part of the Side of the Chart, where (by trial) you 
find it equal to 3 135 which i in the preſent | Caſe will be 
between 48® 22 and 517 35,3 which Space is biſected by 
the Parallel of 50? and i is the Latitude required. 

By Table I. you will pretty eafily find that the Differ- 
ence of 3” 13 of Latitude will amount to 300 Miles 
( Lengitude) between 482 22 and 51935; . 
therefore the Parallel ſought is that of 50 Latitude. 


* 
% f ; * 1 : * = a x» 7 a | H . CF X23 
Sr A ß ] c 


1495 1 
c i A r. | vn. 
4 8 oy the Five Suga of Obligde Ye 
 .. according to Mercator's METHOD, adapted to oy "Ives 
Ficuxx f the Wann at theſe New Damen Fs 


13 el 


| We: have 1 2 "Rt are __ fg Cafes. 87 Oblique 

_ SAILING, which we ſhall now ſtate, and give their true 
Solutions by the Numbers of the Tables, and Lines and 
Scales eee the New — Rule 


' 4 e 15 
ak bbs 5 
3 * «7 by 4 
ES 6 IS. A Caſe 
g f 


ne + i wy > L 7 : * 2 * 
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_ Caſe I. (Given the Difference of Latitude, and Differenc 


of Longitude ; to find the Gurſe and Dilance ſailed. - 


"Example. Admit Ship fails from à Port A in Lat 
5 to a Port B in Lat. 38%, whoſe Lomgitude is 43 (Eaft 
or” Weſt) from the Port A; what is the Courſe, or 
* which ng Ship was Rieered ? Alſo what 


the Diſtance failed? © af oa Wer 


4 " The Meridiona | . * a, 967 
4 1 You! 5 Oo Tale 1 : 
Sag 1 ** | * ME 8 297.83 3 Mn 


j * * . c 


Meridional Difference of Latitude = 2 2151.8 8 AC 
Difference Longfcude 2 2 2580 =2C r 
Tben ſay, „ 1 
As the Merid. Dit. of L 


i Toth Trmgemgtte Caure can ebe u | 


HI 22 7 5 LP AN TY 8 . 1 $23 6 61 4 * 


Fhen for mh Diſtance ſailed AD, we muſt ff find on 5 


emlatged Diſtance A E, thus. 1 
As Radius bp "Wh - 


Tee Secant of CARS i 16198594 
So b Mer; Diff. of Lat. AC =2151 .8— 3.332802 


Teuer ſtane AES = 3369,5— 8c 


* 
— V 


; * * . 3 2 


Now 4 this to the True Due AD upon t the l 


ent Ngrrr ef the Sel; 4 


i rom the Ellip. Merid.Arch e of. ee mee 35 han ; 


4-68 Take that o 5 = 297.76 
Thereremains wear 8 


2358.50 


3 ES. 


2751.8 3.3328 
To the Diff. of Ledi. nf 8 = = mos 1620 | 


0 1 
rr & 5 2 J E 
* * — 


X IA, * 5 
: > ” — 4 as.” + 5 I 
„ Mn £ 1 2 5 J. og #6 N wit; & * 2 e 4 
. £ 14 ! .' $43 *% 1 . 
Ns 1 : „„ EO BIT. 7 2. 3 i AY Sale, : 7 
2 * 2 , L * ” 


— — 
— n 


4 ens 1X2 erer — 


— 


. 
* 


3 - The MaM n' Min non; / 


been the Gumryou rk ur Anda 3 
bl AO nA. e e e ADS. 3 > 


65 * 2151.8: 19686 3 g360g 74-35 Mie, the 


T Diſtance. —_ Gy bad 204 K 


. W, * the Hine, *f FER eee. | 


=” find the Difference of Lin. and Diflance run. 


Example. Suppoſe a Ship ſails from a Port A, 9 : 
porn: 25 South, to a Port E in Latitude 30e North, 
N A Courſe of. 43" 3 to find the n Na 


1 * IT - 


n. Fr Merid, Archof * * 10 | Ten B's 0 4 1337.4 


A 


Doe. of 30 © IB7F'4 | 
2 the «Mer Diff. of Lathude ac 10 


ee 1 | 105 
Tote Tangent of Cen cAESAT g oy 
So is che Difference of Labs e Sens 332856 
— 
To the Dif. of Longitude 0 E = = 31bo, ls Wim, 
Or 53˙5, as required. 1 2: 


The Diſtance fled AE is Gt, e's 3 
As Radius e 1 
T0 the Secant of CAE 10.3387 
So is the Mer. Dit. of Lat ACER 3-532856 | 


ea - 


/ 


# 7 ** 


3. 


Tod the enlarge Diſtance A ppm 3668728 
\Theg the re Arch 2 2552 n a pe ö 


| © of Ss ; 
4 0 l 8 n 
| 2 8.1 — B. | 
—̃ 5 1 


8 
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Therefore ſay 4 AC AB :: AE AD. 


8 3278. Ps n 4482. the 
Diſtance required. 


Caſe III. ann Different of Latitude * D PEEL y 
ſeiled, to find the Differete of Langitade, ' and Angle of the 
Courſe. | j 


Example. Admit 2 Ship ſails from a Port Ain 150 
South Latitude to another E in 30 North Latitude, and 
the Diſtance ſailed be 4482.2 Miles, to find the Courſe. - 
The Mer. Arch of 15*=1537.4 Nat. Arch of 25*=1489.8 

Ds. of go*=1873.4 of $0” =1985:3 - 


— — 


The Sum! is AC=3410. 8 And AB=3278.1 | 
| 9 AC :: AD: AE 
3278.1 1: 


3410. 8$:: 4482.2: wk 
Then, as the enlarged Diftarice AE=4663.6=3. 668728 


— — 


Is to che Merid. Diff. * Low AC ou. 83. $32856 


So ib Radint =o 5 - > > 10. 


To the Sine of Se Angle AE o= = 407. 864128 
The complement of which is the Courſe. 49) *=E AC, 
as 7 | 


"fond the Difference of Lon citude 0 E, Fi 
As Radius = 


4a” 


To the Tangent of the Courle CA E473 9. 969656 | 
So is the enlarged] Diff. of Lat. A C =3410.8—3. 532856 


— 


| To the Diff. of Long. ſought CE =3180.6—3. 502512 


Which reduced to Degrees of the Equator, make 53” 8 
Caſe IV. Given the Difference of Longitude and ca, 
5 find the Difference of Latitude and Diſlante run. 


Example. Suppoſe a Ship fails from a Port A in Lat. 54? 
to another Port C, whoſe Difference of Longitude is 289, 


| 34 7 2 MAAIxZR'T MigROR % 
upon a Rhumb of 37. Ten the Difference of Lathe 


tade. 
1 © The Difference 5 Longinde C Erste I Mues. 1 
- Then ſay, as Radius - — 92 10. | 


| To the Co-tangent of the Cott AEC= =5 3*—10. 122886. 
So is the Difference of Longitude CEE 1680—3 225 30 


To che enlarge Dick of Latitude AC= = 2229-4—3; 368195 


Then from the Neri. Arch of 54® =38439:4 Tz we. 
. Subdud} the * A SY Ai 


: There will — - ett" 1610 
- Thele Meridjonal Parts (taking the. proportianal Part) 
4 to 266 in (Table I.) 2 Latitude of the Place 
E. Therefore the gene of ai is FA 2 N 80 3 
as required. K 
Then from the Arch wy | 3224-7; 1 ab. 1. 


Take that of 2 265 e 
There — — oy the I, E r= : 1670. "M 


Then to find the Diſtance AE, | fy, | 

* the « Sine of the Courſe EAC = = = 37* —9. 379467 
18 to Radius 3 ee £ 1 

80 f is the Diff. of Longitude 0 E= 168 —3 225309 | 


To the enrged Diſtance A E= 2791 e 


AC: AB AE. A. 8 

| Lay fo 1 45 1670.3 :: 2791. 5: 8 = 
the true Diſtance ſailed. - : 
N. B. Tithe Lat: of A had been '35% 8 Wen 


haye been in the, Equator ; but if A had been i in any 


{ 


we ee Pc ſe. 26” then from ACS 2229-4, 
| 2s £6 . * 
Ther will nd Ar 8 1 60 626 


R 


5 


Wen 


b. oe 


0 
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Which are the Meridional Parts in 100 27” S the Lat. of 
che Port E on other Side of the Equator. MT 


Caſe V. Given the Angle of the Courſe, and Diſlance run; 


to find the Difference of Latitude and Difference of Longitude, 


Example. A Ship fails from Pott A in N. Latitude 45 
upon a Rhumb of. 23 to another Port E diſtant from the 


former 3700 Miles; to find the Difference of Latitude AC. 


For this, ſay, as Radius 0 1 
1s to the Co-Sine of the Courſe A E C=6;8 0 964026 
8 is the Diſtance. failed AD = 370.3 568202 


To the! Difference of Latitude AB 4hoh 8—3.5 Jus 


Then from the above Apes A B= =3405-8 
| Tab. 0; 
| Take the Arch of 45 *=2685. 3. 
| There will remain 5 ee n, C6 


Which anſwers to an Arch of 120 6 Latitude of the 
Place E, on the South Side of the Equator, 


To Bud the Diltreacs of Longitude, — . thus, 
'To the Meridional. Heh, of Cs *=3008. 3 1 Ti. L . 


Add the Arch of 75 | 12 6'= 725.2 
The Sum is the Arch. - AC= 37335 | ary 
Fhen ſay, 28 Radius r 10. 3 


o the Tangent of the Court Ca E = =: e 


| $0 i is the colarged Dif. of Lat. A C=373 33-5—3- 3-572116 
Toke Dif. | of on 


& ſought CE=r584. 8—3. 3199958 


e Able ebene e de ee 


Scale, will be found=26® 24 of the Equator. 
Any of the above Safes ate to be plotted off, and mea- 


| fete Scale and Compaſſes only, in the Manner as di- 
7 „ V. in Which Affair, as I prefun 


e there is no 


; 2 1222 * 4 


36 D. ManineR's Manas; ; on GN 
Difficulty to the ingenious 1 there needy no tr 


ther Direction. | 
. 9 


1 CHAP. van, 


8 bo . 


The NaTuRE Pran SAILING, and its Vx # in Ta: 


© VERSES, a in all its CAs Es. 


be 1 Have hos: conſidered Plain SAILING as. 2 Iiftin 


Species of NAvIGATION, becauſe it is manifeſtly Nothing 
more than a particular Caſe of Mercator's, viz. that 
wherein the Diflance fats is ſo ſhort, that in the Nau- 


| tical Triangle formed upon the Surface of the Sea, the 


Curvature of its ſeveral Sides is not ſenſible, and conſe. 


| _ quently not conſiderable; therefore Mercator's Chart is no | 
ways neceſſary, but the whole Navigation of the Ship is 
| diſpatched by the Solutions of a Plain Tinu. — ao 


from thence it is called Plain SA1LING, . 
The Reaſon of all which is, that the Sales 2 nia 


+ 


Earth or Sea, though in it's ſelf really globular, yet for 


a ſmall Diſtance it may be conſidered as a Plain Surface, | 


as the Radius of Curvature is near 4000 Miles in Length. 


* 
* 


All one as 3 circular Piece of Paper of 3 Inch Diameter, | 


laid upon Senex's Globe 28 Inches Diameter, would coin: 


cicde with the 2 5 thereof Every where, as to Senſe; ſa 


4 Diſtance of 1 50 or 206 Miles upon the Surface of the 


| Sea may be conſidered as a Plane, without any ſenſible | 


Error ; 5 and therefore when the Navigation is within ſa 


| ſmall. a Compaſs, nothing more than a Common Plain 
Triangle is neceſſary for the Solution of any particular Caſe! 


In theſe ſhort-Courſes, the Longitude of the Places, or 


Ports, is out of the Queſtion; the Mariner here has only 
to enquire what Diſtance he is from the Meridian, he dez 
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Courſe, This gives him that Side of his plain Triangle 
which he calls the Departure. The other Side, or Leg, 
is the Natural Difference of Latitude; and the Hypothenuſe 
is a ſmall Part of the Rhumb Line; all which, though in 
| themſelves Parts of different Curves, yet'by reaſon of their 
_ Smallneſs, they may be ſafely taken for AHrait Lines, form- 


ing a e n * the Surface of 'the 
Oex au. & 


"the ſame Thing as the Diſtance between the two Meri- 
dians of the two Ports. | And the Angle of the Courſe 


. ſhew the Eating or Vg ing from the is Meridian mode 
5 ſuch à Courſe, 3 


For in all Plain Charts, the Meridiane AE, 0 E, paſt: 


ing through tero Ports A, B „(Fig. 6.) are conſidered as 
parallel, equally-the ſame. as in Mercator's Charts,” and 
therefore let a Ship paſs in any Manner you pleaſe from 


AB, or in a compound Courſe from A to C and from C 
to B, or from B to D and from D to A, 1 ſay, in all theſe 


* 5 . is of. Uſc.in.three -Reſpedts,.; 


or, Compound Hundes: (3) Over all the Ae Parts 
- of the Ocean. 3 


„ 1 44 
2 „ Ix 73485 © 81 l 2 


| the three ELEMENTS, viz, B C the Diffe 


ence. of Latitadez 


an back ding; to be knovn only. by Calcula- 
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In ſhort Conde or Diſtances, i . is Is: 


Ne er at's tanita one a Sr EST; 


will ſufficiently determine the Poſition of the Rhumb, or 
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A to B, orfrom-B'to'A, either in a ſimhple or direct Courſe 


_ "Caſes, 5 Kip Pg 7s nn. e RG 
B D. 225 28 9480 Ut 285; rave © 


2. ahl 
ben Courles, Voyages, Coaſting, &c. (2)\1n-T; raverſes, 


In, the firſt, we have cb Caſes —— from | 
AB, the Diſtance, run; and BAC, the-Goveſe's all which 


are conſidered as proper Data, te beaſcertained by Mea- 
de ſurement and Obſervations, but the Departure cannot be 


4 . 
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Az — 
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Tp parture B Dor AC? _ 
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88 "ite MAzines's hin „ 


1 Thee Cale may be ſtated, with the Andogies for their 


$olutian, as as follows,, putting for cp es N F J 


Cuaſe 1. 8 the Difference 2 8 0. . he 
of the Courſe A, to find the Diſtance Ved 4 B, and ke 11 
*. 43K: :CB: B: A i © ne 


Solution. 8 IR.: oy B: bene. 


Cute II. Given the Gorſe 4, and Diſtance 4831 fot 


5 * ne Pres 6: A 


K An, Dube. 


ou. 


5 Ei it. „ CB ad Dif 


10 ne; f By 0 the aul en au. e 48 


Solut : ion. 14 83 1 252 R : en 5 . 
* bh K 2 AB: EF A: A C==Depanure, 75 Ss 0 
be. 142 RE s 1 . 8888 Fe: 8 5 


1 Wind Wen a0 bene 5 1 Con | 


13 plication of ſingle Courſes, there is nothing new in the Me · 1 
mod of Calculation; and the only Thing here in View is 9 


to find the Place of the Ship at the End of the Traverſe. 1 
Thus ſuppoſe from a Port A, in the Meridian AF (Fig. 7. ) 


2 Ship ſails caſtwards to B: She makes her Departure 
tene B; After this ſhe alters her Courſe, and Keers | 


weſtward from B to C; here ſhe has made the Departure 


Cc tom the laſt Meridian; but her Departure from the 
bFeſt Meridian A Fg CB Þ=C'# weltward: From the _ 
| Place C, ſuppoſe ſue goes upon Courſe C D, towards the = 
. North Eaſty/ and at length arrives at the Port D. In this 


gt maar made the Departure 4 D eaſtward, and 
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C -Das DE, which is the Departure Weſtward 1 

made in the whole Traverſe; the Difference of Latitude = 

is AE; her Diſtance from the firſt Port A is now AD; Wi 
and the Angle of the Rhumb upon which the Port * | 3 
bears Meſtward from the Port A, is EADPUP . | 5 

Hence by a proper Computation of the Triangles A Bb, | 1 

B Cc, CD 4, during the Traverſe, the reſulting fingle 5 


| Triangle ADE is known, and the Place of the Ship at 
D. In all this kind of Sailing the linear Parts or Sides of 
the Triangle are computed in Miles Wd laid off from 
| ny Scale of equal Parts, 
In the Third Place, Plain seo, or the Pia ; 
CnAkr is preferable to Mercator's in all Latitudes on 
each Side the Equator, to about 20 Degrees. For by Table 
I. we find the Length of the Elliptic (or true) Meridian to 
189, to be 1089 Miles; the ſame Arch in the Plain Chart” 5 
is but 1080, or 9 Miles leſs; and in the Mercator it is 
108; and ſo exceeds the true Length by 9 Miles, ca 
| 5 7 tis Defe& of the other. 
In ail leſſer Latitude: the Plain Chart is much. nearer 
. Wonen ue Mercator's, thus the true protracted 
Length of 10 Degrees is 598 Mues, (as per Table I.) In 
the Plain Chart it is = 600, the Exceſs is only 2 Mies 
but in Mercator Chart, the ſaid Arch is 603 Miles . 
ceeding the Truth by 5 Miles; e b F cog | 
Double that of the Plain Chart. eee, e e 
Ia the vaſt Zone, therefore, e e Tawde 
in the Middle Part of the Earth, Mercator's Chart mauſt- 
be a needleſs. Embarraſſment to the Mariner, even though- 
there were no tu Chart: to go by; but how much more | 
abſurd ig it to perſiſt in the Uſe of a moſt erroneous Churt ood: 
when a ire One ge And equal, TER: | 
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Tie AM TORY dic ceons Skek LING CITY 11. 

tuftrated ; and the Rationale of Mippue- LaTiTuDe 
«Satin G'dedured 17 thence; and Fee in its ſeveral 
e e | 


LE 2 TAS - 
[0 we % 4 6 
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rin 5 5 
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1 HAT. — * 8 ng to give as 9 5 an 
Idea of the Rationale of Navigation as poſſible, I have here 
added a further Iluſtration of the THEORY. of Mercator 
Pao JECT ox ſrom an Orthographical PRojECTI1ON of the 
Sphere i in Plano, as from thence: we ſhall. at the ſame time 
fee the Reaſon of that Method of navigating a Ship, called 
| Mi ddle-Latitude 841 LLING, which we ſhould have taken, 
no Notice of on any other Accs as being defeRive 1 

erroneous. Li 


Therefore let ECP. 5 a Lo if ho 1 — F 


d; (Fig.8.) AZ Q the Primitive Circle; CP the firſt 
Meridian projected into a right Line upon the Axis of the 
Sphere; LDP is any other Meridian projected into an El- 
lipſis. C is the Center and P the Pole of the World. 
AC the Equstor; and QA, RL., H E, &c. the Parallels . 
ol 10, 20, 30, &c. Degrees, projected into n al 
to their Radii, or Semidiameters reſpectiveilx.. 
Let A be a Port in 10 Degrees Latitude in the Meridian | 
OP, from whence a Ship fails upon the Rhumb or Spiral 
Curve A 8, to a Fort D, in the. Meridian I D P, and in 
30 Deg e. Through D draw the Parallel of 


30 HD Ez and e the Mixtilineal Triangle A DE is 
the. ProjeQion of. that, Nautical Triangle which was de- 
ſcribed in Chap. I; conſiſting of the following difimilar; | f 
Parts, viz. (1) The Difference of Latitude A E, the Arch 
of 2 E Ciel. 0 en, Diſtance DE, an * of 
4 1 2 mall 
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- and (2D, the S wen pt.. ; 


fpiral Line. lan. «4 CL 2 alanaiyl” 
bis Tiangla 8 er Mus lde Ds 
gonemetry, till it is prepared for that Sort of Computation 
in the following Manner. . Conceive the Meridian ID 
ta be unbeut ſom! its curved Poſition! upan the Globs, 
into a ſtrait Line I K, touching. the Glabe oily} in the 


Equatar zt Lz and which therefore in the ProjeRion | 


Will be parallel to the Meridian CP. If now a right Lin 
de drawn through the two Ports A und Dr it mill interſect | 
the Meridian I K in G; and by drawialy. & F parallel go 
D R, tbere will be fotmed two zight>angled. Triangles 

ADE AGE, fimilar to each dee een 


oo 'Now fate de gern Ain the fan in both Thi 


it is plain the Puint G, in the parallel Meridian] 8 i 


the ſamerelayive Situstion or Foſuion to A hon the Surface 
of the Globe as the Point D has ; that, is, he Beins 
of D from A, with reſpect to Eg, or Weſt, is Rag 
altered by this Pro Le ee 
eit : conſidet. 48 inthe Proj 2 -2 om 
rallel Meridians C P, IK, &c. it will de found to have th 
dame property: wich the Navrical Spiral, A D, S upon the 
(lobe vis, of makingieque/ Angles amith; the larridiantʒ an 
conſequently this Line an the preferred: Fru 
uin Kinds adi ni blod ton u 5 
Moreover the Departure or rather, Meridien Diſtance 
D E, is hereby projected into & FH Diffetenge f 
Longitude. And the natural Difference of Latitude AE 
is onlarged to A ; and conſequently: all Parts: in the 
Plain vight-angled Triangle A G F have a, fimilar Rela» 
don to the Point A in the Projection as they haue in the 
 Keterogericous; Triangle A D E upon the: Surface of the 


| Sen; and therefore may 1 by ANF | 
| ra * e 


AE. AF DE GFI. ant 21 . 


2 - 
1 3 0 
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+ Tb. Maztven's Minton; of 
Sans. let us now ſee in what Proportion, the Partsof the 
Triangle ADE are altered and enlarged, to conſtitute the 
\\, Friavgle AGF; this, we have ſeen; is theRatio of DE to 
10; but DE: IC ::HE: EC:: O. Sine of the Lati. 
tad- D: 15 the Radius of ibe Sphere. This is the very 
ume Ratio as we before demonſtrated (Chap. I. * 11 
Was the Foundation of Mercator*s Sailing. 
After the ſame Manner, the Nature of Afedile-Latitnde | 
" SAILING is made evident; for let Ma be the Aran Lati- 
dude between A and 7: that is, "between Band D; and 
_thiough M draw the afallel RL 3 alſo through M draw 
. theright Line A ©; and draw O N parallel to ML. Then 
. weihave (as before) ML: ON (=IC)::RL: AC. 
That i is, Radius is to the Co- Sine of Mi Al, Latitude, as the 
|  -Differemte of Longitude 45 to the Departure. But in Plain 
_ Btiling we have Radius te th Difference of Latitude, as the - 
_ Tangent of the Courſe is to the Departure. Therefore by 
3 theſe % grand the op, will res 8 
fr Vit. * Mie Mes | 
'The Co- Sine of Middle Latirids 5 to the Tangent 2 
Ken, as the Differtice of Latitude 4% * a erence : 
e, e eh atio 5 
OT hiv'is" the fundamental Theorem for Middle: Latitude 
"8 ILING 3 but it is'defeRtive in two'ReſpeRts, for it de- 
pPends in Part upon à Propoſition” of Plain Sailing, and 
©" therefore will not bold in long Voyages ; and it leaves 
| us wholly to plain Sailing for. finding the Diſtance. Obn- 
ſequently it can at beſt be looked upon only as a ee * 
Priori mation, when better Methods are wanting. 
Since in all Caſes of Sailing the Latitude of one link the 
two Ports A, D, is ſuppoſed to be known, it is evident 
tie Middle Latitude, and the Difference of Latitude is tho 
ame thing, conſidered as A Datum; and therefore there 
5 "We propetty bur ho 85 A Ras Latitude Sailing, 
wa VA l | 
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7 * ack. . - £5 4s 
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which may be ſtated as follows, by putting M for Middle 
Latitude; A for Difference of Latitude; O, the Difference 
aaa and C for the Angle of the e 2 


ca 1. N 0: A * 
Then Caſe I. 20: ex: 0 : A. 
Cite THE: A. 0 r 1 40, 7 


11 is not worth while to inſiſt any Joi" on fo imperfect 
a Method of Sailing, when the moſt perfect and genuine, 
i is ſo eaſy, and ſo ready at Hand, upon all Occaſions. But 
in ſo intereſting an Art as Navigation, and the unſtable 
| Obſervatory of a Ship, nothing ſhould be omitted that 
can be ſuppoſed to afford even the leaft Advantage i in any 
of the — W * be 
1 0 therein. | 


"CHAP. x. 


„Paweirrzs of Nautical Saas 1550 4 
Five fundamental THOR RMS, or Formula, from the 
French of Mr. Ne. 3 wich A Ty 

"TRATIONS, 7 b 


TT. & pi 7 41 — ee * N 8 '3 1 on f 
* 1 X * 2 25 85 1 . * $9.0 ts 3 : "OS | a 


8 ns _ 5 ande from Experience, 
| that the Baſis of Navigation conſiſis wholly i in Aftronoms- 

cal Obſervations, it will not be. diſagreeable to him, if 1 
preſent him with a Tranſlation and Illuſtration of Part of 
 4verylearned Work entituled, AsTRONoMIE NAUTIQUE, 
by M. De MaAurzxruls, which though printed at 
in 2743, and has been celebrated all over Europe ever 
8998 put * Engliſh Sailors Tak” 
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Let Pp ne- — (Pig p) 

PAPA, the general Meridian. © os Rpt 
HX the Horizon of the Pute 
A Xa, — the Equator or Equinoctial. 

DE d, — the Star's Parallel of Altitude. 
PE p, —its Venticahor Circle of Altitude, 

LE}, —its Almicantarath or Parallel of Adu 
at E—the ys of de San. Stars is « 


„ Tben lat Radius CP be denoted: by. - 9 . : 
3 The dige ene. Wh FS. * 4 
sine be _— OY e Þ 
1 Co-Sine thereof ceQ. . 


Sins of the Star's wie CG: TD RA | 
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To: fac alt ee lee 4. luer, of he Pl, the 
| Dealvatior gf Str, its High, and its Hour e 
£ - SO = 3 =; ; and thelia nila rTriang! 8 
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3 6 8 0 y 
$25s NY HIDE ao 1 ; 
539.1 5 © © ws 6 2 F, 


is 


* SL 


 Philoſepheul ag went of Naviodt: ION, 
Gr, r (GO: 


5 And (wen BO-#0 "YG BF) — 


LE that is eee eee 


3 : 


* 


5 PE 1. n 


2 e the Relation between the Height of. the Pol, Ne- 
anatm of a Star, its Height, and its Azimuth Angle 7 
fb ſimilar Triangle, PQC, FGO, _pives: "3 


(Gh.. 680 We | Then becauſe CO+60 | 


| 7; =CG) we have Abe. =hyerrr ++ mek=rb a th 
| La rain, or Fermals . > E 
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resse m. Ws, 


| Taflndthe Relation lane ths Height le Pole 2 ac 
chuation of a Star, its Hour Angle, and its Azimuth Angle. 
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An = Co =- . Again the Triangles 


red. COB, ge ic: : (09) oB 
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2 2 22:13 therefore (ſince r: ca it is v cbt 
=r mba, the Equation required, or Formula IV, 


3 PRE * 
T7 ** the Relation between the e f a de, its 
Hue Angle, Altitude, and Azimuth Angle? _ 
The common Section of the Almicantarath, and Pa- 


ralle Circle deſcribed by the Star give 2 g, or * 
ut, che required Equation, or Formuls „ 1 


Thbeſe five general Equalions, or or Ful contain 20 
Problems which are of the moſt frequent and 
conſtant Uſe in Navigation, which we ſhall now diſtinguiſh 
by Letters, to ayoid: 2 ene _ eh mens We 
Words; therefore 
Put Ph- -L the Lat. of the 883 Height of th Pale ) 
E K =D=the Declination of the Sun or __ 5 5 
APK=H=the Hour-Angle, Longitude; de. 14 — 
I 7 pe of the ' Fears Sun, de. OI 


* each of the "ova 2 
theſe Quantities, viz. ' 
I. rec y i contains 2 - LD, x, 1 


. regiere e | "Dx D, AZ. 
III. 115 14 rn - = IL. , H, Z. 
IV. n 2» L., H, A Z. 


|. 
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Philoſophical PCIE of -Navication, 4 
Ia each of theſe Formulas three Quantities, being given, 
| the fourth is found in-'a Term or Terms expreſüng the 

Sine, Co-Sine, or Tangent; for it need not be obſerved 
to the ſkilful Mariner, that fince Radius: Tangent: : 
Cox Sine: Sine; therefore; putting Radius 7=r, the 8ine 
; divided by the Cer Sine, is equal 4 if the Tangent of any Arch, 


Henes putting = =P 5 = R,—=S,= F.-Y 


| we ſhall have the Ta ERS. A. 8, T of the 1 
tude, Declination, Height of the Star, Hour Angle and 
Azimuth to be ſubſtituted in the Room of the Sine di- 

_ vided/by the Co-Sihe in every Caſe. Hence the Formulas, 

be more Simple, andthe Pres, of a Problem more r. 

cls and eaſy. th „ 

For Example, the third Formula, by making r=1and 


1 2 r, becomes 5 rf Tc T. The fourth is 


be + 8nbimmh, and ſo.of others. It is to be obſerved l 
that the Signs r the — H 
On Cs. 


x : r . 
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1 Of the ia of theſe Sata add 8 
"depending upon Spherical GROMETRY 3 thy ER 
RE ASTRONOMY, and Great Citele eren 


rn DY S680 5 Fett: 1 1 a 29 
. * * f 


10 "of bis Method. Hoey 8 
by common © one by "ligne Spherical Triangles, or any other 
in the Analytical Way, I ſhall give the following Inſtance 
. + of Solution of a very common and , uſeful. Problem, viz. 
Given the Latitude of the Place L 48* 5r', the 7 
_ of the Sun D = 18® 30, and the Height thereof A = 
* 5 40 find the * pits rufe 
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The ste of the bude Attitudes r cd BN 8 
| * als RR IEF 

bx = OY Fx — which al 151 2 3 A 

ber remains 8 055638 bac 


208 15264 "Theft from the Numerator: h- = — 9. 1188 
Bt] he 42 757 Take che Den eie 8 A 


+ bas 4.3.10 8 A 
There remains the Sine u = 62 52 — 9. 2979357 
Tre Compiernenr thereof 27 G. RE K, rhe Angle 
| ur required ; which juragg ineo Time is, x Houe | 
48 Minutes 32 Seconds. 
©. - Another. principal; Thing in abix Method. in, that ity 


| univerſally applicable to the Solution of all Kinda of Sphe- 


rical-Problems, in 4/irovemy, Nawgatuon, Geography, Ke. 
by a. proper Treatment of theſe fundamental Formule. 
Thus ſuppoſe the Sun's Declination known for 7 
8 the Semidlurnal Arch, or Length of thé 

| Immediately known from the firſt Formula, 5 ty! 


| for the Point E being no.] at N, between M and 8, re. 


quire the Signs to be changed, and then it wilt be rb = 


: * 1. But! in this Caleb = = % therefore * = — eee 


== =v'= AQ the Co-Sine gl Ge 


| Midnight to Sun- Riſing or Sun; Het, 
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Philfephical PrINCIPLys of Naviexrion. | 9 
Thus alſo the Amplitude at riſing or Setting is found 


From the ſame Data, by Formula Il. x K ur 4 Eh l changed 

to x—act=hs, and becauſe h=o, it becomes x=nch; | 
dut here 1 = r — I, therefore rent; and bobine | 
of the Amplitude required, _ 


Theſe Formule adtitting à Fluxionary Calculis, fur 
niſh-the Means of inveſtigating Theorems, and ſolving 


5 Problems i in the fublimeſt Parts of Aſtronomy and Naviga 


tion. An Inſtance of this take in the following Problem. 

| Given the Latitude of the Place, the Sun's Declination, the. 
Time between two equal Altituges of the Sun, and the Va- 
riation of the Declination in that Time ; to find how much tht 
 Inflant of Noon differs from the Middle Moment of thatTime? 


| The Height of the Pole and Sun being conſtant, we have = 
thefirſt F ormulerr hers x => 7 in F luxionsthus,—r 12 


* e 240 153 but it i is >: 2 $1 * (dythePrinciples ot 
Fluxions)therefore—+=22, which ſubſtituted intheEqua+ | 


tion above, gives regen, Now to reduce 
theſe Fluxions y and « to ſmall Arches of the Meridian N. 


and of the Equator E, w we have (by Spherics) x : 7567 N 


therefore — In and in the ſame Manner ; i= 2 E, thele 
. Values of 5 and «being PRE inthe preceding qua- — 


ton, g give EN, e or E E e N. 


Thus alata mall Arch Wer Eihintion E, 8 ; 


paſſerh the Meridian correſponding to the ſmall Change 


of Declkidtion N; and which Arch E turned into Time,. = 
i: - the Difference frught between the Middle I" wy . ; 
Time, and the Moment of Noon or Mid. day. 


Another Example is this Problem = Hovjng ves: the 


Latitude of the Place, and Declinùtion of . to 2 x ir 
as lat 285 


. % 1 +. 3 
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Her - : 


| the 1 of its Elevation « ot Depreſſion i is known g 


ieh E in Time. ee ee ; fro 
| that of 2 =P Q, as above. ; | 
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3% . Manmen's Minen; 1 


. we ks firſt Formula, which in the preſent Cafe, 
maſt ſtand thus, r ren here h and u are 


A flowing Quantities, the Reſt conſtant z whence the Fluxion 


af that Equation is + = =cyu (becauſe u decreaſes while h 
bee And taking the Value of theſe Fluxionary 


Fines / and Us in ſmall, Arches of the Vertical and Equator, 
via. V and E ; «en lor) ee ure . E, mee 


fore v=tE = == = (for; in this Cafe Sy therefore 
P e | Wherefore the Sun's Diameter * deing given, 


I ſhall add but one Example more, bled in, Akdinp 


given the Latitude of a Place, and the Declinatiam of a Star. 


(exceeding the ſaid Latitude) to find the K PF Jy 1 


L when #s Azimuth is a Maximun.. 


Here we take the ſecond Formula as 1 | 
which, as the Star paſſes betwen the Zenith and the Pole, 


3s thus expreſſed rra—rib=nch, for this Cafe; ; there- | 


2. 


1 fore n=——— which is in F. luxions (ſuppoſing cand 3 


7 


* conſtant) rs 5 c rn e Ir, ctb=o LEY | then, 


rr =bþ + tp goat =k,b ſubſ 


u aan | 


of l. we ſhall "TR 2 TER: 3 tis 


known of FOES then by ſubſtiruting = inflead of 5, 


us 4% 


* 


8 kak E= ny the Co-Sine of the Azimuth. een 


ce & 


Maximum, as required. „ . s 


But what might be thought 8 to our . Ner- | 
poſe, i is, that by theſe Formule, Solutions are immediately. 


„ 


obrajned for all the Coſes of Grant Circle Sailing z becauſe 


4 , | «3 N is AL 


CT . , 
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A E is the Latitude of the Port Z, and K E is the Lati- 
tude of another Port E; 22 is the Difference of Lati- 1. 
tude of the to Ports; the Angle A PK is the Difference 
of Longitude; 1 E H is the Angle of the Courſe, and Z K 
is the Diſtance failed. © Bo that the Letters L, D, H, A, 
Z, and P, Q B, 8, T denote the fame Parts of an Ob- 
lique Triangle now, as before, only with different Names 
the Problem is the ſutne, and the Solution alſo. © © 
© Thur fuppoſe thers'ware giventhe Latitude of thePort Ta z 
ADL = 485 S Latitude of the Place E = KE | 
18 30, and "the Diftance failed pon the Arch of 
* Cirde E E A 185 2 5 ns, to find . 
. KPA 0 
The Solarion of this Caſe we gave in the firſt Ex. 


82 


ample, i, eie ob 37 g. the Die . 


e Longitude required. * 4771 FROG 5 85 rr >< f 7% 
-" Having found! the Di Fereace er Longinde the Sigh 


= . the- Sine of 45 az, | the Courſe required, - Ae 
all other Caſes arg reſolved directiy; but as this Speries 
e Navigation cannot take Place on the Surface of a Sphe- 9 
roide I 909 hs. Ship's. Fang is not upon -a Rlund. 
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n anſluted from Mr. Maurzxrurs, and 
illuſtrated @ proper Calculation therelf.. ADS . 


1 E Parallax of the Moon is one of the _ 1 „„ 
tant Elements of Aftronomy, as the Knowledge of hñer 
. an Place? in the Heavens cannot be attained without it; 
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D be the Place upon the Earth from whence the Moon 
is obſerved at L, and let DG H be perpendicular to the 
Ellipſis in D; and draw C 4 parallel, to D H; then be⸗ 

_caufe the Angle 40 EDGE, the Point 4 will be the 


32 - The Maningn's Minnon ; or 
wis wakes it of lach Conſequence. in the Doftine of 


Eclipſes; and much more in the Practice of Navigation; 
for as one of the beſt Methods of finding the Longitude at 
Sea, is by taking the Diflance of the Moon from the Sun 
or à Star (as we have elfewhere thewn®)'it is evident this 
' Obſervation or Operation will: be defeQive, unleſs the 


true Quantity of the Lunar Parallar can be aſcertained z 
and as this is only. the viſible Angle ſubtended by the 
Earth's Semidiameter at the Moon, it is as evident, that 


this Parallax or Angle will be a different Thing upon the 


8 Sphere from what | it is upon the Spheraid 3 and therefore a 


In order to this, jet E D 5 (Fig. 10.) be a Quadrant of 
an Elliptic, Meridian of the Earth; an EAp the ſame 


35 the Glode or Sphere; 3 16 E i 18 the Semidiameter of 


rhe Equator, and CP ü the Semi-axis of the Earth! Let 


TA Kenn Latitude-upon the Globe as P is upon the Spheroid. 


Now drawing the Lines D L, 4 L. Which are ſuppoſed | 


ee the Moon L, it is evident the Angle D-L d will 
be the Parallax of the Sphere and Spheraid, or the Difference 


Sf the Place in which the Moon appeary as viewed from 
D and d, and is therefore the Correction of the common 


f Lunar Parallax, now to be inveſtigated... 


| 1 + 1 85 « 8 Apis to the Viet ge ou 


From the Point 4 draw dQ parallel to C p3 1 will be 
the Sine of the Latitude 4 C E which put , and the 


f Co-Sine thereof O Are; making Radius CE = 7; alſo 


put P þ e, then from the Properties of the Circle and 


| Ellipfis, | we haye Qa: es p:: Res Cc 2 88 Pp; 


N 4 5 R's * 
an i : \ oy 8 


4 1 - a. 
© — 


mee 


Iz 
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fi the Lines MI and MK. 5 
In order to this, continue out FE, Tine G. D; and 
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Through the Point M draw CN; then becauſe M d is 


do very ſwall. i in Compatiſon of Q, or the Angle MCA 3 
almoſt. evaneſcent, we Cd: Qazz C. ein 


Ma: MN viii gies e. 429, ; and C4 , 


Ma: N | 
* From the Point Milet fall the 


* £ 
ÞF os s 1 F FRE: 4 
* 


ts, Mk, 


2 on dhe Sides D L, leu. differential Angle, which 
| 3 but the Diſtance of 


the © Men ML or CL. — well known at any 
Times by the Theory. What remains to be found there- 
fore, for computing the Angle d LD, are the eee 


12 e 
4 LS * 


4 © \# 11 14 1 CERRINA 
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dtaty the Line D V parallel to CE; and from any Point 
R in the Line D.L Jet, fall the P lars; R X, 
RV; there will be formed the ſimilar Triangles DM1, 
RDX, and dM K, R {ow firſt will 115 this. Ana- 


DRY 
5 110% 


ern. this, KPD; DV; 705 :4M: 75 Fo. K #1 4-2 BH 1115 


m_ is evident, RD V is: the MMoon's Declination, 
_ whoſe Sine is RV, and Co- Sine DV, to the Radius 
FEDEX. Thien let R.V= x and D V =; and wo that 


be N KA L becauſe RDX Ame 
bernie de Latitude X DV. and the Moon's Dec 


eee N11 2 * B. and the fe- | 


* 5 ood teeors ML 4 * K= 
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* 4 7 
n EO a crops d „E. 5 
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. e it e that this differential Angle 4 LD 


is variable * to * four ſeveral 3 r, ” x 
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BD V. we ſhall baye DR E, and conſequent- 
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„ Tie Mamas Manzo jor. 
and e, WO; 0.115 the Glue, Latitude of the Place, 
Daclination of the Moon, ur Diffwence between the His of 

Wy the: Sphere and Spheroid.'.-In our Earth + and e are con- 


ſtant Quantities, ; this Angle can therefore vary only wi 
the Latitude, and Movn' $ Declination. And though it 


| 

i begins with both, it cannot encreaſe in 2 fimple: Rade 
VV withceither z it maſt, therefore be entüulred hst Degree of 
1 Declination and Latitude will ſeverilly cauſe this Anglows | 
til be of the greateſt Quantity poffble. . Tha hat | A 
Il >. To find, firſt, what Degree of of 1 eclin nation of” t "Hoon 
I'll will mals ahi Augie dL D the \greateft in a given Lutifide 
| D. This is done by putting tHe foregoing Expr ior of 
I N M K. into Fhixions, and "that Fijativn tual 

nothing; making in that Caſe fa, 1 a de, 


Y 44 * 4p; bf 5 5 : 3 8 7.1 7 
rel Ya „and @., 


**44 bets + IE wits vt 5 Ru IR n N Leg =73, hen the 
| 2 A 1 75 
M +. e, Wich will ve" * 
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| | prefſion's of 1 K, and then by making and c yaighle, and 

I} | finding the; Maximum, we ſhall in the ſecond Pile ate 

il e Latit - mich make the Angie LD . 5 

[7 f allo. passend / Nos 4 2 that] 5 be | 
uad of thePlace Dis 5% 447 

e e den at deere ge 

_ Expreſign of, ee ee -.”- of 

ö 1 | ; 

#1. we ſhall find x —3,or the Moon's Dedinadonwillbs/19 

| Þ; | 28. —— when the Difference of the Mpon's Parallax is the 

Wi - | greateſt of all; 2soblerved 6a the Spheroid and Bphete. © We 

2 411 | 7 

eu puttingr (C ESD e phat, 

I n, Were pee when a Maxi- 
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— Philoſophical PaixNenpPLEs of NavicaTIon. og 
num. And it is evident, that when the Moon is in the 
Equator E, and the Obſerver at the Pole P, the Line I K 
will eech 5 777 1 . take” Mr. ene 
Meaſures. eee | 
Hlence 8 ths Moon 5 is at a Mean Dit. 
tance from the Earth, the Horizontal Parallax i is 57 20” 10 
we ſhall find this Hſterential Angle dLD = 22” 1 Tr A 
and at the Pole P, it will be Pp=19” 1 
Iluſtead of P P Þ = x75» ve have ſhewn that it it, is Cp: 
GE:: : 3 619 10243 A and therefore OE. CE =Pp=, 
TFH 3835 very neatly. | Therefore the Ag 4LD will 
will be ls, in proportion, that j 18 1 7 TSF 205 178 
ic : 5.20” 23 19 24 [2 for the true Maximum Quantity . | 
of the ſaid Angle at the Moons Mean Diſtance ; and 205.3. 
178: 9 20” 1 . = the _— 4 py at the 
Pole. | 
„ FT how are - the Quantities ＋ this Cirrettion for the 
| Horizontal, Parallax in the above Circumſtances ; but 
when the Moon's Diftance from the Earth i is leaſt of all 
the Parallax will be greateſt, and this Correction alſo; 
as, on the Contrary, they will be leaſt of all when the 
Moon is at her greateſt Diftance. . -- 5 | | 
The Parallax of the Moon in the Horizon is to 8 | 
_ Parallax at any given Altitude, as Radius ta the Sine of ber 
Diftance from the Zenith or Co-Altitude 3 therefore the true 
Altitude of the Moon is known from the cortected Pa- 
rallax, and conſequently her true Place can be thereby much 
more nearly aſcertained. Becauſe it is ſome trouble to cal- 
culate the Parallax of the Moon from: Aſtronomical Tables 
to any conſiderable Exactneſs; 3 ſhall obſerve to the 
Commanders of Ships that it might be of great Uſe to 
have a Teleſcope with. a Micrometer for meaſuring the 
Moon's apparent Diameter at all Times in Minutes and 
Seconds, for then, without any Calculation at all, you will 
. ſee by the following Table her ZÞrizonial Parallax may 
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© The . Minnox; | BNA 

| * . the obſerved or meaſure Diameter; toy bin 
c conſtantlyproportioned to each other as will appear in Fig. 
11 where A Lis the Semidiameter of the Moon, and 4 C. 


: that of the Som conſidered as ſpherical, Now the * 3 
ACLs as = E. and the Angle Lon a5; th 
fore the pe A CL is to the Angle 4LC as AL to. 
40, that is, as the Apparent, Semidiameter of the Moen 1⸗ 
ber Horizontal Parallax. 3 
Tbis Ratio of A L to C is "hd of 15 to 553 "NY 
fore if at any Time you meaſure the Appareht Diameter | 
of the Moon exactly, you find her Horizontal Parallax, 5 
vy ſaying, As 15: 55 : : her, meaſured Diameter id her 
Horizontal Parallax at that Time 11 by this wm alogy _ 
e Table is conſtructe d. e 


; TEETER BE THE 


n © 7 4 5 * 1 ＋ F# p 
; f f : 75 1 4 


Philoſophical PrancipLes of Navication. 57 
The practical Application of this Doctrine of Correct 
ing the Lunar Parallar, is as follows. Suppoſe you de- 
ſire this Correction of the Parallax for an Obſervation 
made in Latitude 51? 300, when the Moon's Declination is 
25? & and her apparent Diameter meaſures. juſt 31 hori- 
zontal. Here then putting C E=r=1, we have the forego- 


ing Theorem for the Correction thus OY Sy + ccs 7” 


£585 xxe=l K. 
be 
8 1 : - LO 
4 p | 3 
Io . —— 


Wbence we have 9 0.15849 978216 
| £c5y=0,29276—9.466516 
£55 X20:09954—8. 997989 


| Hence! m+c<5y +55 $E114777=0; 059830 
Divide by 205—2:311754 


— — 


17 hore remains I K=0. -005598—7.748076 5 


Theilen «Diameter being 26's her Horizontal Parallax 
ib 56 50 per Table. But 50 50 =3410" therefore 70 
 &Cd=1;Chd=340:::: I K=0.0056 : dJLD = 
| *s 5”, the Quantity of the Correction ſought, 1 
Hence 56 50 19 5 5 30” 55 the true or cor- 
feste Horizontal Parallax CLD for the Ellipſoide Earth at 
| that Time. Therefore luppolf you obſerve the Altitude of ; 
the Moon to be LM = 27 35, the Parallax in that Alti- 


tude is found by this Analogy. As Radius to the Co-Sine 


of the Altitude fo is the horizontal Parallax C LD= 56 | 
an to r . 


i 50 1 * 1 1 ».* m 18 1 4 I 2 
* The MARI NERO MIRROR; of 


As the Parallax depreſſes the Moon below ve true 
Place, ſs the Refraction of the Air elevates her above it; 
by a Table of Refractions it will be found for 27 30 to 
de 1 40”; this taken from 50 , leaves 48* 25” for the 
true Quantity of her parallatic Depreflion z which added 

to her obſerved Altitude 275 35 ; a her awe ood 

bs ann END | 
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ener, xm, 


The Na TURE and ConsTRUCTION of ſeveral New Nah- | 
..GATION-LINES and SCALES, greatly preferable to the 
Conan Suat Sa AO IANS . ; 


* ys che er of enn and 


ener founded upon it, are erroneous, as they have been 


hBitherto taught and practiſed; but if the Lines or SCALES 


. upon Navigation Rules, were to be conſidered as 

y_ deſerve, they. would, I think, be found utterly un- 

worthy of an ingenious Britiſb Sailor; theſe Lines are 

but two, and thus marked at the Beginning of each, viz. 

5 Mer. denoting the Line of Meridional Parts; and E. P. 
N a Line of equal Parts, adapted to the former. 
The fault of theſe Lines neceſſarily ariſes from their Con- 

frudtion;which t to me appears extremely abſurd, Theſe tus 

Nautical Scales, repreſent the Equator, and the enlarged 

Meridian in Mercator's Projection. The Line of Equal 

Parts (E P) which are the Equal Degrees of the Equator, 

i; continued to the enormous Length of 24 Inches, bur 

why ? 1 am fatisfied no Neaſon can be affigned for it, 

by any Mariner or Mathematician. Far. fince the 

Parts of this Line are equal, ten of them are a8 good as 

ben Thouiand i in et, a "Chart ; and becauſe the 
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greater the Number of Degrees are in a given Length, 
the Jeſs thoſe Degrees or Diviſions muſt be, and conſe- 
quently the les the Accuracy they afford in the Solution of 
any Caſe of Sailing, it will follow, that the Defect of this 
Line reſults from its unneceſſary Length. _ - | 

This Defect conſiſts in the. Smallneſs of the 3 
hich © as they very little exceed the Tenth of an Inch, 
admit only of a Diviſion into Halver, or of 30 ; and there- 
fore any Arch of the Equator, or Difference of Longitude, 
15 not defined by ſuch a Scale to leſs than 30, or Half a 
| Degree; a ware e indeed 1 0 * to the Credit | 
| of Britiſb Navigation. . 1 
And ſo far is the Conftrugion at: the Ade amet Tine 5 
| Ge from being better, that it is-ftill more abſurd than 
continued to 185 Degrees, whereas 60 or 70 at moſt, 
—_— many as are ever wanted in any Nautical Opera- 
Now 60 of theſe Degrees are not above 9 Inches, 


5 * n 123 ſo that this Line for the Sake | 


of 15 uſeleſs, Degrees is made twice as long it need to . 
be, and therefore ip. __ leſs accurate in this - N | 
| Conſtruction. 

As s it is 3 on thoſe whe fins Foun; to aſt 
them, I ſhall lay beforc the intelligent Mariner, the Man- 
ner in which I conſtruct theſe lines for his Uſe-upon my 
own Navigation-Rales. For the firſt, I divide a Scale 32 
Inebes long into 10 equal Parts or Half Inches; then one 

Diviſion at the End is divided Sexageſſimally (or into 60 
| equal Parts) by Diagonal Lines. So that by this Means, 
the Leng th of a Degree is half an Inch, and each Minuta 
of a Vas i is viſibly and clearly defined; hence the Me- 


thod of laying off or meaſuring any Arch of the Equator. 5 


in the Conſtruction of Charts, is eaſy, and practically exact 


| 10 a Minute of a Degree. This is the Scale uſed and be |. 


_ ferred to in Chap. V. by. the OF: of the  Sexogeſſimal 5 
NE" ama bf | 
| | | Th Bi Note, ä 


1 of Nautical Caſes, and conſtructing of Ch 


„ Manx RR Mikkox; "I 


Note, at the other End of this Scale, the hft FRM 
Indh is diagonally divided into, 100 equal Part, to reer 
it uſeful in all other practical Parts of the Muchemstieb. | 
+ -Theniin Lieu of the common Line of Meridional Por 
1 conſtruct a Centeſſimal SCALE, by which any Arch, or 
Difference of Latitude in Mercator's Chart can be laid off, 
or meaſured, to the Exactneſs of a angle Minute of a De- 
gree, That is to ſay, I make the large equal Diviſions of 
this Scale equal to 100 Minutes or Nautical Miles, and 
men as one of theſe'at the End has a diagonil Diviſion, 
it is evident it will anſwer all the Purpoſes in the Solution 


rts, to the Ac 
curacy of a ſingle Mile in meaſuring the Ship's Way; or 
to a Minute in the Arch of the Meridian or Equator, its 
Uſe has beeen ſhewn under the Title of the e reg 
Meridional Scal E, in Chop V. and VII. 
But the Scarx of Nautical Scars upon * y 
Rule i is the beſt Way of expeditiouſly protrakting any Caſe 
of Sailing that poſlibly can be. Theſe Lines are only the 

_ graduated Parts of the Common Line of Secants, viz. A I, 
BK (in Fig 2.) for the Radial Parts A N, B N, are here 


uſeleſs. In this Scale AB is a Degree of the Equator of an 


Inch; and becauſe A IAN; cherefore I K the parallel | 
Diftance at60® is equal to 2 AB=2 an Inch. And in what- 
ever proportion-you increaſe or dei AB, in the fame 
Proportion all the parallel Diſtances will be alſo encreaſed 
or diminiſhed; and ednſequently any Caſe of Salling may 
de plotted off in any Size you pleife, by this new Diſpo- 
fition of the e, Lines 3 3 _ with be dehreable Accu- | 
[RS | 
L.aſtly hs hin off e ec of FA Cone 
me poor Mariner is a> il] provided with a footy. Protractor, 
in his common Caſe of Inſtruments) of. ſcarce twoloches 
| Radius, This indeed might ſerve in coatſe Operations of 
| N * where no — is regarded, or Ag 


3 
3 5 
* * 5 


} 
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of the Courſe required but in Half and Quarter Points of 
the Compaſs. But in proper Navigation where Obſerva- 
tions are taken wich great Nicety and Care, and where 
the Elements of Latitude, Longitude, and Diſtance ſalled, 
all require to be aſcertained as exactiy as poſſible, this 
Element of the Courſe demands as great an 1 8 1 
any of the Reſt, or elſe ſach une, could de to no 
Purpoſe in tem. 

For this Reaſon, I have laid down a Xs of Crops 
upon” my Nuvigatis an Rules, of 5 Inches Length; in which, 


the Degrees are diagonally divided throughout, and ſo mi- | 
nutely, that an Angle may be laid off, or meaſured, to | 


within two Minutes of a Degree, which is as near as the 
niceſt Calculation requires. Beſides this T have long 
ſince contrived a Marine Protrattor, to aſſign the Quan- 
tity of an Angle to a Minute, for ſuch as Would be FR 


to an extreme Degree. 


4 


1 * 1 * «3. 
n Ren A n ä R 


+ 


= 20 ola Si, 4 8 
An Account. of various + Nautical Ins. 8 . 2NTS, agree on 
Nu, « or with New Consrave 2 ond lupnave., 


MENTS. 
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P H E 1b * which 's FE oe are e at. 
= Sea are Quadranti, Teloſeopts, Chronometers or Time 
Pieces, the Magnetical Compaſs, and the TLoeg- Line; 3 4 few, 
Remarks upon each of theſe muſt here ſuffice. , _. 
Alrolabes, Sea- Rings, Bows, Croſs Sraves, &. ſo much 
uſed in the laft Century, have given way to much i 


rior Inventions in this, viz. Davies and Halli) 5 Qua” 5 = 


- PRAN'TS ; but more eſpecially the latter, whieh is called | 
_. the Sux-Oe wat, as its Arch is büt : Part of 4 Circle, 


This Taſtrument 1 have elle where congdered both in re- 
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6a The Manix ER“ Minox; or + 
gard to its . and. Uſe, and ſeveral Improvements 
by Means of an Artificial Horizon, But ſince then © 
have. made other Alterations and Additions to this Oc - 
tant, viz. (1). have conſtructed it with two Indexes, — 
which the Limb and conſequently the Bulk. i is Riill much 

rther reduced, as to require no more than 12 or 15 

hs Deg rees of the 90 it now has. (2) I have added another 

| Artificial Horizon, by which it may be uſed at Sea, when 
=. no Natural Horizon appears. 

In.] the firſt of theſe — the 883 has 

| two Arches, and two Indexes ; the firſt Arch and Index, | 

ſerve for whole Degrees; and the ſecond, for Degrees any, 

1 Minutes, by this means it becomes light and portable; and 

* very eaſily applicable to that capital Proceſs of taking the 

SH Diſtance of the Mom from the Sun or Star, in order to find 

” the LonciTuDE; which indeed was the great Thing i 1 

1 tended thereby. _ 

Ins the ſecond Conftrudtion L have added a moveable 

artificial Horizon to one that is fixed, for taking the Sun's 
Altitude at Sea, when the real Horizon does not appear; 
both theſe Horizons are rait Lines, and when the move - 
able Horizon coincides with the fixed one, the Inſtrument 

is then pefectly vertical, and thus both together make an 
indubitable Horizon, to which when the Image of the 
Sun is brought, the Altitude thereof is ſhewn by the No- 
nius on the Index a8 uſual. And they who think chis 
Experiment too difficult, ought to contrive one that is more 
ſimple, a and eaſy before ey: oy. too much Com- 5 


plaint. 
2 The POPE. 8 1 have for Years ry — 
1 3 | poſed as a very facile Method of taking the Sun's Altitude. 


at Sea, when no Horizon can be ſeen. It hangs upon an 

uniuer ſal Joint, and will therefore be always in à vertical 
Poſition ; then by à proper Glaſs, the Image of the Sun 

"I * the Maden of * Index wade to fall upon a black 
5 Line 


* 


$2 1 5 & « — 
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Line properly drawn on the ſilvered Face of the Sight 


Vane ; and then the Altitude of the Sun itſelf is ſhewn by 
the We on the Limb. And by this Method the Height 


of the Sun, or any other Object, may be taken by Sea or 
Land, without looking through the Quadrant at all. | 


As to the Uſe of TerescoPss by Sea, in finding the 


Longitude by obſerving the Eelipſes of Jupiters Satellites, 
the Public has paid many hundred Pounds for trying the 


Experiment which common Senſe had always declared muſt 
T's vain and e Au e bur 11 


CY s 


1 eee PEP are the'n next tt of Nautical * 


Kruments by which the grand Problem of finding the Lon- 
tude has been attempted, but always attempted in vain by 
the learned Part of Mankind. Clocks were ever thought 


of for this Purpoſe; but to the Surpriſe of the whole 
World, the Longitude has been lately faund by a Watch; and 
what ſtill greatly encreaſes the wonder, it has been found - 


dy a Watch of the moſt complicated Strufure imaginable 3 
conſiſting of ſuch a perplexed Multiplicity of Parts, as eludes 
the Comprehenſion of Watch - Makers themſelves. Well 
may it be for Poſterity, if the Longitude be not 1% to them 
dy the very ſame Inſtrument it was found for us. But as 
we have paid 15000 U for it (and they will pay nothing) 


it is but reaſonable that we ſhould enjoy: all the Benefit 
that way os from: fo Sy a en ot the way 5 


"The 1 1 as it * bab 8 ah | 


with one Circle, is like a Cyclops with one Eye: —It can- 


not 'be compleat, I think, without two Circles or Ho- 
riens, the Magnetical and the True; for as the principal 


Defign of it is to find the Variation of the Magnetical from y 
the true Meridian, and to ſhew it as long us it continues 
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1 ? The famous, Mr, N this 8 
take the Alita at the ſamę Time he tool the: Ai muh 


of the Sum or Star. And this Quadrant, too, was of the 


commom Sort of go Degrees N whole, Radius was 'gquel-to 


- the Diameter of tos Compals.si but inſtead ofifughiatarge 

| heavy: Quadrant, I put on one which, weighs. but four, | 

Ounese, of Dauigs's Forma but made with te Iodexes 
and two Arches; and is perhaps the lighteſt, eaſieſt, and 
_ moſt exact Inſtrument for this Burpoſe thathath:yer been 


contiived x and: this I invented many Veste ago nem 


The Loc-Lixn yet continues. the only Inſtrument ſur 
| mesſoring the Diſtanee tun by the Ship upon any Courſe; 


now 3280 Feet make an Engliſh Statute Miley and it 


| found that a Degree of the-Equitor is equal very neat 
to 69 ſuch Miles but 60 Nautical Miles are in one of 
thoſe Degrees; and becauſe there are 120 Half. Minutes iͤn 
= wile, it is plain, that ſiace 120) 5a80( A4 nearly, theres _ 
fore the Diſtance of each Knot in the Log- Line müſt be 
44 Feet, to findethe Diſtanèe in \EngliſbtAGtes; and cone 
ſequently as 60: 604 2:44 2 5 Feet, which ought to be 
the Diſlance from Knat to Knot, to meaſure the — 5 


run per Hout in. Nautiaal Miles. Such is. the Divifion of 
the Log - Line by Theqry x but I Knit is note d 


| in FaR, for which ey may be Reaſons. that I n : 


atquainted With. 1 27 are 3. 70-07-25 wy 5 2 mn * 


The Aarine 8 Wee anche. : 
- Frouble Kenner ns ee n lor any particular Caſe,. 

43, directed in Chap. V. by a Method of planning it off at 

once by Veang of an Zquatar-at the Bottom, and. Nau: 


al Aleridiam on the Side, whoſe Degrees are each disgon | 
1 PE | 


. \ 8 N 


8 


* cdmpleat without the Addition of a; Duagrant wy upon ; Yau 5] 


= 
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common Plain-Table for Surveying and Plotting Land, 


_ * ſhould be in ſuch univerſal Efteem and Uſe, when the 
Marine Plain Table is ſo little enquired after, though of 
much more frequent and important Service ; there being 


no practical Way of ſolving a Caſe of ſailing with ſo much 


Eaſe, Expedition, and Exatineſs inſtrumentally as this. 


I ſhall add nothing further upon this Head ; though I 


might greatly recommend the 28 Inch C:!g/ial Gros of 
Mr. Senzx, as an Eſſential Part of the Nautical Appara. 
tus, eſpecially for a practical Solution of the grand Prob- 65 
lem of finding the Longitude by obſerving the Diſtance of 
the Moon from the Sun or a Star; but I have already 
done that in my Appendix to the Uſe of the GLonts ; and 
unleſs one could ſee more Gentlemen of a public Spirit, 
and proper Difcernment, at the Head of Maritime Affairs, 


it is not worth while to be anxious about Niceties and 
Punctilios, as they will be called by thoſe who are con- 


tented with any Thing put into their Hands by efablifhed | 
.. Cuſtom, the greateſt ä to all Ct ach in Arts 


and Sciences, 
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1 HAVE been induced by ſeveral Reaſons to 
write this Second - Part of the Mazinzr's Mix- 
Ron; the firſt is, that I think no Treatiſe on 
Navio Arion can be perfect, unleſs it contains a 


Solution of that moſt important of all Nautica 


Problems, be n. the True Long17TuDe of a 
$n1P at SEA... 

Another Reafop'i is, thar alchough the Abrone- 
-mical Ephemeris has given a Method of finding 
ſuch Longitude of a Ship, yet it is without any 
Rationale; and though the Mariner be obliged to 
pradlice it, yet the Reaſon of ſuch a Practice is 


what he can have little ons to underſtand from 


that Book; and therefore, I have endeavoured to 


ſhew it to hin 1 in the Second Pax of this Nautical 


Mik RO R, in the moſt natural Point of View. 

Not only the Reaſon of what he does, but alſo 
a proper Illuſtration of the Caſe in all its Parts is 
wanting in the Nautical Almanac, and therefore, 
the Mariner i is doubly in the Dark, in the Practice 


of the principal Part of his Art. In this reſpect, 


J have done all I can to aſſiſt him, by adapting 
a particular Diagram to every Part of the Pro- 
3 viz. for PAR ALLAx, REFRACTION, A21- 
_ MyTH, apparent and true DrsTayce of the Sux 
and Moon, &c. with many additional Circum- 
- ſtances, which tend to elucidate the Problem. 


As the latter Part of this Solution depends, for ] ” 


es e upon the MzTrop of InTErPo- 
A2 karton, 
[ | | = I 


* E > 
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. age lance 1 


1 
N * 
3 wh 
I 4 9 * 
5 DIES 4 ag oye, 5, WET 4 : oY 
1 4 4 , 5 pa 2 1 2 AR 1 N « : 4 1 
v REDD a 2 9 * WAS P 4 - — x 


%%% C HE 
trio, I have here prefixed and illuſtrated the 
Principles of that Art, and given Specimens of its 
great Uſe in Navigation, in finding the Lon &1- 
rob and LATITUDE of the Moon, for any 
Time required, by the Epbemeris; as alſo at the 
latter End, it is applied to find the Loxcirup? 
of the Sx1-y, and the Method of proving the 
 TxvurTH of all ſuch Operations. Hs 
The MzTrop of finding the Lan6iTubs by 
the Diſtance of the Moon from a Star, is well known 
to be, if not impoſſible, yet, fo difficult! and du- 
-bious, as to be of little or no Uſe to the Mariner; 
for this we have the Authority of the great Doctor 
Hall, who was the beſt Judge of all the Niceties 
in practical Navigation, undoubtedly, that ever 


lived: And therefore, this Part is here entirely | oF 
omitted, though it makes near a third Part of the 


Ephemeris andd its Explications. Beſides, it would 
de mere Tautology, ſince the Method of Operation 


is the ſame for a Star as for the Sun; except what 5 5 


relates to turning the Hour-Angle, thus found by 
the Star, into Time at the Ship; the Star, which 
is fo eaſy an Article, that it cannot be ſuppoſed to 
give the ingenious Mariner any Frouble at all. 
To. conclude, I have exemplified the Proceſs 


with the ſame Caſe as is ſtated in the Ephemeris, and 


the Mariner will find the ſame Reſult here in every 
Part, and in the Compaſs: of twelve Pages only, 


as there he muſt pore through the greateſt Part of 


a large. Volume, and a perplexing - Multiplicity 
of Tables, to brain He is here allo ſupplied 
with a New TRBOREM and Mr HO of working: 
the Problem, which extends itſelf to every Part, 


and greatly facilitates and illuminates the whole; 


* 


being in itſelf the very Essz xen of all Nara 
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; es MzTaen: FP No Gat" tad been Joni | 


aj finee applied with great Succeſs in {A/frenamy'in general; 
but in that Part which is properly called Nautical Afro. 


nom, it ſeems to have been little conſidered, and that 
very lately by the Authors of the Nautical Almanac, who 
have rather mentioned it only, than made uſe of it, in 
their Computations of the Moon's: Place, Latitude, Diſ- 
tance from the Sun, &c. though for ſuch Purpoſes, it ap- 
pears to me to be the only genuine, perſpicuous, and 
eaſy Proceſs that Art can afford or ſuggeſt. This 1 
preſume will be evident from the following Illuſtration 
thereof, e n the ſaid RAG: 
we, wa 

Let NS (Fig. 1.) be an Auch of de Eeliptic projetind 


| Jaws. right Line, and LM a Part of the Lunar Orbit; I 
B;; Ä rf 


11 — G 


2 De MaxineR's Minzon 3 Moon 


= — rr. 


— 


then ſuppoſe F, G, H, I, K, &c. ſo many Places of | 


the Moon correſponding to as many computed Lone 


GITUDES thereof, in the 5th Page of each Month i in the 
Ephomeris, which ee. ; 


From the ſeveral Points F, G, H, 1, K. &e. as 
Fall Perpendiculars to the Ecliptic, as E A, GB, HC, 
I'D, &c. and theſe will repreſent the computed LaTi- 
TUDEs of the Moon (in now II for the ſame 


Moments of Time. 


Again, ſuppoſe 8 the place of the bow, or STAR ; 
and draw the Lines SF, 8G, SH, &c. and they will 
Tepreſent the computed DisTANCES of the Moon from 


the Sun or Star, for the ſame Times, a8 contained in the 


laſt Pages of the Month. 


— Laſtiy, let the Timzs of theſe computed Places, Ne: 
be repreſented by NA, NB, 'NC, ND, NE, &c. in 


 Dars and Hobns, as ſpecified in the Ephemeris. 


Now it is evident, the Lines A F, B G, CH, Ke. 


are Ordinates, and N A, NB, N C, &c. the reſpective = 


Abſeiſſe, in regard to the Curve LM: Alſo that the 


Points F, G, H, &c. are the correlative Places of the 


Moon; the Arches FG, FH, FI, her correlative Velo- 
cities, or borary Motions; and SF, 8G, 8 H, &c. the 


 correlative Diſlances of the Moon from the Sun or Star. 


Let the Abſciſſæ or Roots be repreſented in N 
viz, N Arn, NB=n, N C=p, ND=9g, NE= 


&c. As allo any Sort of Correlatives, as A F=a, B G 


i, C He, DIe, E K y &c. And let any pro- 


poſed Root (not in the Tables) NX, and its Ordi- 
nate or Correlative X Y =y, And ſince there is ſome 

determinate Ratio or Relation between the Roots and 
their Correlatives, let that be expreſſed by the general 
Law or Equation, g +hx=y ; where the Quantitjes g and 


I are conſtant: but undetermined; and are to be found 


7 ; 
. 72 
. b, 
— . - 


De 1 fund en "= 3 


from the two adjacent Roots and Correlatives, whoſe 
Values are computed in the Ephemeris. 
Thus, ſince the above Equation expreſſes generally 
the Relation of every Root to its Correlative, we ſhall 
have the Relation of the two Roots m, n to their Cor- 
relatives a, b, thus expreſled, g+hm=a, and g+hn=b; 


from which two. . we find 52 — 2 _ and 
therefore 23 ; and conſequently 15282 And 


| ſo the above "TIE will become comin nay my- 5 


It muſt here be obſerved, that this mere g+bx= 

is a Lineal one, or ſuch where the Relation of x to y is de- 

' termined by a right Line; that is, it ſuppoſes LM to be 
a right Line, and not a Curve; z and conſequently ex- 

preſſes the Relation of and y very looſely, and affords 

the leaſt Degree of n by the Method of Inter. 
N „ 

To expreſs N perfeQly, we 1 take 
three Roots m, n, p, and their Correlatives a, ö, c; and 
then we ſhall be able to expreſs their Relation by a gua- 

dratic Equation, viz. g+hx+txx=y; and this is analo- 
gous to the Equation expreſfing the Relation of the ſame 

Lines in the common Parabola. See Page 352 of my Inv 

\ $TITUTES of * GEOMETRY, - „ | 


Fx 


bn Lege. | : 
Here chen we have es Tenn 25. n . 


g+#p +#pp 1 


By theſe three Ea you find the Value of g, Pl and 
, by common Algebra; but we ſhall ſhew by and by, 
| how theſe prolix and complicated Values may be ON 

; Webs "ny and 9 — for N | 


* 


750 i 5 | . 
3 | - ] 3. 7 - 
4 : A + 


— 
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But when Rill greater ps is required, we may 
employ four computed Roots * their Correlatiyes, and 
thereby we can expreſs their elation, and of Courſe, 
that of x to » by a cubic 1 viz. N ; 


255 LE CL .. 4 | 
g+bn An +3 EC; 
nn} 2+ +4þ> +3 =c. 

| 8+ +#g* 4 ga. 


AY theſe Gig 8 you get the Value of g. 55 4, 
and J; but as this would prove a Work of much more 
Trouble than Difficulty, we ſhall next ſhew from what 
Conſiderations, and by what Artifices, the great Ad- 
vantages of this high Equation may be obtained with all V4 

defireable Eaſe in Practice. 
| Firſt, inſtead of the Quantities A bee 2s 
Roots and Correlatives, let the Differences of each from 
the firſt be 2 752 5 ſuch, "that i 1 L hs mm 47 
by to NS. 5 | | 


„ AN—AN= ng e 2 
Int the Roow bed CN TANG =Fb=þ, 5 
1 2 EN Are &c, | 


AF —AF= — 

CH AF H Se, 

DI AF gle =d, | 
LEK —AF =Kd=e, ve. 


1 


Then we have che cor- 
relative Ordinates 
| 


With the Radius g on the Centre 8. 7 5 the Arch ä 
FP, and continue out the ſeveral correlative Diſtances to 
e, + 25 53 then will their Differences from the firſt be 
: Correlatives | 


a * 4 a 
1 * K 
wr. $6 8. 8 5 » — 1 
1 z 9 ; : 


The Lonc1Tups found at 883. "a 


. Corrclatives to the ſaid Roots, viz. oa, Ge=b, Hf= 
c, Ig d, Kh=e, &c. Having by this Means got me. 
and age, the Terms of the foregoing . * be | 
thereby much reduced. But 

Scondly, it is to be conſidered further, that in n the 
Ephemeris the Computations of Longitude, Latitude, 
Diſtance, &c. are made for equal Intervals of Time, and 
conſequently we have (in the Figure) AB BC RCD 

, =DE, &c. when the Times are taken in ſuch Succeſſion; 
therefore the Roots ö, e, d, e, &c. will be as 1, 2, 3, 4. 

& c. and ſince m=, the Series of Roots m, u, ps 4, 15 
&c. will now become o, 1, 2, 3, 4, &c. Hence in the 
Solution of the above Equations, the Roots and Corre- 

;  fatives to be uſed will 11 88 in the 9 es. via. 

bee Qrdivates: | - o, I, 2, 3, 45 201 


Correlatives 5 e, , . 


0 


From lee gout fans] ae bach ak amo CS 
Members of the Equations in which they are found will 
vaniſh. Thus in the Reſolution of the me e 


the Term © — — ; and the other Part gar ar becomes 


— 


res. And farther, in all the Terms 3 u, 55 7. 
„e. are found, you ſubſtitute for them x, 2, 3, &c. re- 
ſpectively. Hence then we have Sx=bumy, the linear E- 


owes in its moſt ſimple Form. 
| Thuzalo the quadratic Equations will be thus changed, 
3 


721 om =h . 2 
„ uber oy. 5 i die: ee * 


> 
8 


| and therefore Cy ; 


6 The Amina s Minron; 3 or 
and from thence b=2b—c; ; conſequently the the general 
Law Abele . becomes 26—— 8 
5 This Equation in ING, put Do, Is "Oy 
| e. which gives XD. ene is a 8 Florin oc Mie 


9 c 
nimm. e 


When 4 "rank aneuules; then- mne r _ | 
Yo Equations have he RO Coefficients | 


* + *+#®=0=e 


"2h+44+ e 
e &c. 


1825 +34 


— — — ce Pe —_ CENTS — - 4 
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K C 46-44 


Si 17 


. in . cubic Equation *r — "RD 


- you find y for any propoſed Value of x, by only x dl. > 
8 e 8 a 


—_ 
# GI * 


Then by commonA) gebray we eget 


3 oy, 
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4. 8 1 the Marnon 7 WT | 


in finding the Loncitups and Larrrupkx of the 
- Moon, by means 77 the Nautical ann ED 


3 SHALL now illustrate the Method of tion 
by the ſame Example as the Authors of the. Ephemeris | 
bave given us, at p. 160, (printed half right and balf wrong, 
and which has been thus publiſhed by their Authority 
ever ſince the Beginning, ) for finding the Moon's Lon- 
 GITuDE or Ptact; at a 85 Ti ime, viz. Iu ' \ 
"hs at 9 22 16 Fa | 


The 1 Found at SEA. 7 


But in order that theſe Operations may be performed 
with the greateſt Facility and Exactneſs, the Sexageſſimal 
Numbers muſt be firſt turned into the decimal Parts of 
an Hou or a Decree, by the Table for this "Op 

ot the TO One Aut: ES | 


_ Lei. . 
5 N 116.— o, o, Ys OE 


Then 16k 27 16 21637777 in Decimals, 80 | 


— 


| The two computed Places of the Moon preceding 
tie given Time, and the two which follow it, are in like 
Manner reduced R a and ſtand as 
. C : 
8 Ts 0 — 
ul 46 At Noony 11. 29.2 s | 
J * Wee, o. TIE o. 2 2 


The At Noon, 0.13.47 o. 13, 79667 
Midnignt, o. 20. $I. 27-= 0.20, 8575. 


Here che Intervals of Timg being equal, viz: of 12 a 
Hours each, for them, as Roots, we may ſubſtitute the 
. Arithmetic Series o, 1, 2 3- Alſo in the four cor- 

relative Places, the 11. 29% may be rejected, (being 
equally contained in each) without making any Dif- 
ference in the Concluſion of the Work. The Places 
thus reduced, with the Difference between the firſt and 
| each following one, will W . wu 1 

* 2 8 


0 ps , \ 249278 1 > -' O . ES: 
I - 7.67361 » 1,18083=4=F G. | Fi * 

2 14.795667 130389 E H. ig: 15 
3 pg euch - N E 


2. 


* 1 7 1 ; : %, : 2 
” Top 3 A 8 * g 1 5 Vw % 
13 3 add - 
: 4 : . * . 's g » e F 
; 2 a b * ” 5 7 * 
- " ” : : * 
, 


a= LR 

* ** *% £258 * 

Tt 2 
* 


= "4s 46which add f the irt reduced ER. 


Since the Numbers here exprefling the Roots are but 

of che Intervals, thereforé the given Time 16, 3711 
** divided by Ws will "quote x. end and then 
N ä we have 1 25 218 "IN a 3965 12 


> | $ 21613, 10 1 3 — 46 


| "4 I... . 1 Minzon } „ © 
Se” 
# Ls 


Sa} 


* 221 64260, 1 48 * 
The Lerne of Je TOLD: 2225 2 


I 


5 „ Lane bo 


- #3 SI RAND — PL” af — "01 ©, 


we hive now . all 3 determining the 
| Corficonts Ly 1. N the cubic Equation „ 


7 IEF 52082257 at $2 4 
, Soil Webers 3254." ty 902 
eee ee 8 


I” dis . Re ld 
„ (4 . 
Ar | — =— 0,04 
{ALS 40% thy; i 0, 562 
2 & es 8 0 — SY 0% bY : .I TI Po i 202008 2 O2 


Nord ate Tuefetore e 2 ee, 


88 * 27 123 ey 3 212 


be Son is N 7 : 
- taining to the Corielative 5 2816.9 
O»»„»„‚ 19 en ee eee 
But i 160 31 4 weed e 
. above left out, and the Sum is o 9ꝰ 16 31% the true 
Place or Longitude of the Moon required for the gien 


fr Dime; the very ſame at in the Ephemeris. fats. 5 


Let the LArrrupz of the Moon be required 1 „ 


ſame Time, VIZ. July 16, 1767, at 10b 22 16 5 
The two preceding, and the two following Lats, :- 


. being taken out of the Epkemeris; ng put into Deci- . 
wa with. their N n will and 


| _ ne Teng . 
; 43 þ Sn r 84 N ike * 1 * x \# 50 EN . 8 os Sx 


2 * 7 


* 


£ 4 7 — js 2 : 8 ; 9 * 120 
75 * Rs I YEE 3 , ! , * 33 , 


2 
22 


17. At Noon, 35. 3. 26. 245.05722=0,53773=c= | 
Man 5. 12. 33. 1 5. 2688 084 


20 34480 | and he A0 
f „3721 r 20, 6925 N 
9 get _ ==0,00038 | 4 lx 3 # 


The Lonerrovs fond, at ; $4; _ 
42. 31/- 10%. N. 24. fg 9 
— 4. 49. 36. 4.82666 , 302 2 13 f 


. Therefore by —kx* 1 3 0,4001 
70 which add the firſt Latitude . F 4 8 


5 
4 9 
: <8 r ꝓꝙfꝶqꝶpf Fs bes ee 
.. — 


7 The Sum is the Latitude required XY=4,91963 
Fried 4,91963=4® Ie, 1155 „ine ſame. as at FP $92 of 


the Ephemeris. 5 8 
Theſe two  Ope erations hy Abit go E Us 
£irivons of * Moon, ſufficiently ſhew the great Uſe . 
of this ART of INTERPOLATION, and gives the Maris 
ner a clear Idea of the Rationale of all ſuch rocelles,. - - 
| and even of that, obſcute a as it Fs delivered | in the: Nor. + 


K > $ * 5 
phemeris. ; 7 Is * 
i a ; | 1 
* * W 8 5 * 1 £ 1 * 7 1 £ , , * 4 
. : * L 77 : eg n 4 - wel A a 
1 | Bt 7 * 4 « is 5 45 * * 7 ; * . - * = -_ 
x . x 1 . e 5 8 , 
- 
% 2 4 - * * - 1 
a * 3 Ky * 233 3 625 LE : 4 n 22 F 
1 W233 3 ; ala 4a CCS he LEE oo og ts RC PTR ol 
2 3 R : — Lf. 
* * ; 9 * % . - * 7 iS * * 3 
a * : 
* — 


75. Mzvnod a wy; the apparent Tilt at ! the 1 
er by an e . SUN , by a New 


& > — i : Wee + 


5 af 1 KE Method of RL the 3 of the: 
Ste, (as far as it has been proſecuted. by the Authors of 

— 7 the Nautical Ephemeris Nis a Matter of no great Difficulty: x 
„„ 0 Labour, as will evidently Pear in working the Ex. 
N ample they have given at Page #y6 of the ſecond FOI = 
en to o n e e . 


4 


81 20 | D. Maninar's nden 7 


| The Suppoſition is, that on the 4th of April 116 


WF 0 following Quantities were e 2252 a Mean 
of three Obſervations, vin. 


T he Diſtance of the neareſt Limbs of the 


— IN 4,27” 
*. The apparent Altitude o un's lower 

LY, Limb, e . * 4 

Ditto of the Moon, — 3 80 40. 40 

8 T3 ime by the Watch, „„%%%%ꝙCͤöͤ ( 


After this a Suppoſition i is EN viz, that another 
Obſervation of the Sun's Altitude was taken, in order to 
find the apparent Time at the Ship in Latitude 345 : 
17. N. and Longitude 170 46 Weſt of Greenwich, by 
the Ship's Reckoning. This Obſervation was ſoon af- | 

ter the others, viz, at Sn 4 1 „ and gave the Altitude 
Fk the Sun's lower Limb 19% 13 above the Horizon * 
the Sea, the Heighth of the Eye being 18 Feet above it. 

Allowing 4 for the Dip, and 3 for Refraction, to be 
fubtracted from 19? 14, there will remain 197 6”; te- 

© this add 16, (the Sun's Semidiameter in the Ephemeris 
at that Time) the Sum is the true Altitude of the Sun's 
Center I E19 22“; the Complement of which, or Ze- 


"= nith Diſtance, is E Z=70? 38%, (Fig. 4.) 


At this Qbſervation the Wateh is alſo ſuppoſed. to be. 
20 before the apparent Time; this being ſubtracted 
from 5h 4 38", leaves 4b 44 38”, for the apparent Time 
at the Ship, eſtimated nearly. 
Tue Longitude, by Account, is 17? 46 Weſt, wbickr | 
turned into Time, (by the proper Table at the End of 
this Tract) gives 1h 1 1” 4”, which added to the Time at 
the Ship, gives the nent Time at Greenwich for this | 
Obſervation, viz. 5b 55 42”, eſtimated nearly. 5 
For this Time the Sun's Declmation is found by the 
| Ephemeris; ; for on the 4th Day at Neon, it was 5 42” 
Sr ff e, the 5th n . 5 39 the Dif- 


fetence 


- n. Se TRE 


> Ce in 24 Hours therefore, is 22 48” ; 2 thereſore 
in 5h 56”, it will be 5 38”, which added to that of the 
_ Preceeding Noon, will give EK = 48 29", for the 
Sun's Declination at the Time of 99 the Com- 
* plement of which is 84 IX 41; .. | 
We have therefore given the three Sy of an obliqus | 

| ſpherical Triangle PZE. 


a The Co-latitude p 225 oo” 
* Vis H For 11 70 31 


The Co- altitude E Z=70 38 oo 


7 > fing the Hour, Angle from Noon AP K, which may 
be done in the old Way practiſed in the Ephemeris, or 
dy the new Theorem in the n. 8 . Page 48. 


B Kt | 
VIZ, . e 5 


f Thus, che Sine of the e RS Logari 15 
Latitude „ 9,750729 
Sine of Declination KE 5 9 «oe 9 „oog 183 


— — 


Us he Produd i is S* 0,057005 - 8. 755912 


They ggg Jrz- — * s S Wee 


Co-line of Declination/PE==84 11 —7 — 9,997764 fn 


"The Product i is 9 08220 ; 10 9,9 14882 : 


The! Sine of the Sun's Altitude havo, 3 31612 e 
Prom which take 40.7 %“ͥ%ͥ%/f— 


The Remainder is 1 27460 7 D ee - | 
| 1 n divided by Mm 0,82202 = 9,91 22 ; 


EY 
, 8 


Quotes, the Sine of 110 37 57 9.523833 1 


— — 


mr Complement of which i is u==70 29 2 1 
S256 00 


* 


12 The MARINER's Minzon; 1 7 


Hour from . required 3 ; which turned into ee is 

wr , 4 Pons nf hs , 

4 $4 on Theo from the Time = the Watch 5k 4 38. 
3 Take the Time now found 4 41 36% 


| - 
| Remainder ſhews the Watch! too faſt 22 44 


Lash y from the Mean of ig Thinks of the 
three obſerved Diſtances of the Moon, 1 4 50 . 


we” base the ew of the Watch E 22 2 


i 0 


Remein- the opparent Tims ame, | 4 28 FR 


N. B. The beſt Time for taking the Altitude of the 
dun, or 2 Star, in order to find this correct Time, . 
js when they are upon the prime vertical CZ, or near it; 
for in my InsTITUTEs of Spherical GromeTRyY, at Page 
244, it is demonſtrated, that the Fluxion of the Altitude 


; 1 E (=A) is to the Fluxion of the  Hour-angle AP K, 
(=H) as the Sine of the Azimuth P Z. E, is to the Secant of | 
the Latitude OP, or e 8 the 125 P 25 ; that is, 
A * fec. O P. HET. 
FOI Fe: _— 


- But A Ab any {mall Freer N in wing the | 


Altitude, and H will be the Error or Variation made in | 
the Angle ZPE on. that Account, Hence it appears, that 8 


when the Error A, and Latitude OP are given, the | 


Variation of the Hour- angle H, will be inverſely as the 
Sine of the Azimuth PZ E, and therefore when the faid 


Angles is a right one, as PZ C, then H, or the Error 


in Time will be the leaſt potfible ; ; e is the Reaſon | 
of: the how PFs SG 


” 
» 4 a : 
4 — 
. < 

. ; 

” A * \ [ J 
. * * 1 : a N => 4 T a Y 
y » * "My , 
+ +4 Way + o F ; 


The LONGITUDE Found at 884. obo 3 


From the ſame Theorem it appears, that the Value - 
of the Error H, is not affected by the different Altitude of 


the Object, but only by the Latitude OP, and the Ari- 


muth at Z. 2 


If we foppole the Obſerver. at the 8 3 0 * | 
| Sun or Star upon the prime Vertical, then the Latitude 
P is nothing, and its Secant becomes Radius ; alſo the | | 


dine PZ E; is then equal to Radius, conſequently. i in 


that Caſe ve have A=H. If therefore we miſtake the 


true Altitude by 1 Minute A. the Variation H (=60” 


in the Equator) will produce an Error of only 4” in Time, 


In the Latitude 509, this Error (upon the prime Vertical) 
| will be 67; and may be calculated by the Theorem for 
1 J. Latitude and Fe op A , 


* — 
1 N 4 . . 


"CHAP. IV. 


The Meruon > of Calculating an Azmoru „ a New 


: enen | 


| So the Example before us, we | hard. given the ch 


| Sides of an oblique Triangle MZs, (Fig. 5.), to bad he. 


| Angle at Z, contained. between the two vertical Circles 


20 and 2 B, paſſing through. the Centers of the Moon 


and Sun. 


For the apparent Altitude of the Kune lowes Limb hee 


og z 2 40 2. and his Semidiameter (at the Time) 16 
1” added thereto, gives 22 18 41” for the apparent Al- 


| Men of the Sun's Center above the Sea, which dimi- 


niſhed by 4, for 18 Feet height of the Eye, leaves 222 


1 41"=$B, the Altitude of the Center of the Sun 


#2 


? DS | 


The Madina, Minnon; . or | 


- 
J * 
* 


ubore the true Horizon HO, and the mans 
_ "thereof 67 45 19 "=Z 8, the Sun's apparent zenith | 
© Diflante, | 
Before we can 88 the zenith Diſtance of the 
Moon's Center preciſely, it muſt be conſidered, that on 
Account of her nearneſs to the Earth, her hte! Di- 
ameter will always be variable with her Altitude, and 
Sncreaſe in à certain Ratio with it. To make this evident, 
let C be the Center of the Earth AB (Fig-6.), B the 
Poſition of an Obſerver upon its Surface; Z NM the 
Orbit of che Moon; and GF D a Circle at the Stars. 
Perpendicular to Z C, draw CD for the central Florizon, 
and parallel to that draw BL, for the Superficial. Horizon, | 
or that of the Obſerver at B. Fo 
| Lot Lhe the Moon in the Horizon, and N her Place 
at any given Altitude; draw the Lines CL, CN, ang 
BN; anddraw NH perpenticular to Z C. Now it is 


well knows, that the mean Diſtance of the Moon from 5 


the Earth's Center is about 60 Semidiameters of the 
Earth, that is CL (BL nearly) S times CB; and 
therefore BL : BZ; : 60: 59, and conſequently the 
* Moon's apparent Diameter in the Zenith Z, will be to 
the horizontal Diameter at L, as 60 to 59. And _ 
where at any Altitude N, it will be as CN: BN :;, 
Sine of CBN : Sine of NCB; but the Angle CBN 
=BCN+BNC=Sun of the 200 Diftance Z CN, and 


ze Moon's Parallax CN B, at the Altitude N IL. Hence 


we haye this Analogy ; As the zenith Diflance of the Moon + 
: ber Zenith Diftance encredſed by her Parallax at a given © 
An : 15 ber berizental Diameter: her ind at 
that Altitude. 4 LN) | 
a From hence, to ber Frouble in A is con- 
tructed the following ſmall Table of the Moon's Alti- 
5 _ he Ul Colman, and the- Number of Seconds, 
. 


"vo 


The Loxcrrupe fand at 84. TY 25 


in the ſecond, by which her Semidiameter is to be in- 
creaſed at thoſe Altitudes W e 


. 


Des. 3 
1 Ic 3 
Wee — 6 
923 7 5 
5 
3 
40—10 
8 


In eur preſent I the Moon's n Diameter 
10 15 19”, and therefore muſt. be increaſed by 16”, (as 
her Altitude is more than 80®) | which then becomes 15 
35” for the Altitude M O. (Fig, 5.) This is now ta be 
added to the apparent Altitude of her loweſt Limb, viz. ' 
80 40"-40”, and the Sum is the apparant Altitude of her 
Center above the Sea, 80® 56" x5” 3 deduQ 4 for the 
Dip of the Sea, and the Remainder is 80? 52 15 Ma, 
che Altitude above the Horizon H O, and the zenith 
Diſtance of her Center is Z M= 7 155 "pe 


Lear, to the eee of the "Vo - 16 x” 75 
Add that of wg non = "$307 


P At 
— 
1 - P 


EE oo The Sum is 7 2 - 
To this ad the obſerved Die: of the Limbs 73 * 


The Sum is the Side 8 b. "16 9 5 
And therefore A 515 43 7 


Hang thus FO all the Sides of the Triangle . 
SM.. the Angl Zis found ane as 
before 


* r ER 
r 
n 1 


1 36 Wo Midi Mitten; a 
before, viz. . for here we have the | 


5 


Sine of the Moon's Alt. M O80 52 152 
1 of che Sun's Alt. B TOP 14 4I=x 


. | . The Product i is es 99872597 


0 «re 


ia, 6 of "ZM= 9 7 45==c = > att | 
n de Sine of ZS==67 45 1925 9.956414 


—_ The 811 is 99,4683 9.266827 
| * From the Product 420, 3) © 

/ Take the Sine of 2,2716 55 

. There remains eee . cornds 

FF N by 99, 4683 95166817 4 


rue orient'i is 4. 20 978 2 
"ROT Fig _ 9344378 


Thos Sum 1 i * 36 us Ani 
FE N. B. 8 xs is greater than 5, the Angle 4 


muſt be added to go®, becauſe then the mw 1 
** . as in a the e Caſe, 1 15 


f 4 8 . . 0 
£ 0 
; , . : 4 a * - 8. by "4 . 7 
* : . : p * 
* * 1 
a f 
' * 
i 
— 1 f 
4 1 
"T +14 =_ 
5 „ 4 ; 
p mT W * 4 + 1 £ 
# * 
11 2 2 
7 
; P. 
£ 
. Pa 85 
4 f | a 
i 3 - 
: % 7 1 
' - 


The deamon fs Sea. = 
HTN n AF. . Hs 
From 1 th W e een 77 FA Sun and 1 frond i 
from RerRAcrTion and PARALLax, to find the true 
© DioVanen of their" det 1 1 way a; * 
ere n a | 


$2 5s L 4 8 : : : 
. 725 © 5 , = 4 335 £.# 2 b * 15 12 N *73- 4842; #h 4 
7 . WAS f : * yy is Tp SF A by {Þ . 5 8 5 A+ * 4 . 12 
*. E * * 5 


„ ROM e e or 3 Diflance of the 
Moon from the Sun, we can find the; true Diſtance by 
allowing tor the Difference made by REFRACTION and 
. mee eee the nen new Method bg 
3 "ts As As. Laien . by Resale of 80 
Atmoſphere; ſo they are depreſſed, below their true Places, 
by their Parallaxes, as will be evident by confidering the 
following Diagrams. In Fig. 3. let A B C be the Earth, 
AMZ zZ the Atmoſphere, 6D a vertical Circle in 
__ the Heavens, in which the Object is at F. Alſo let B O 
be the Horizon of an Obſetber at B and ſuppoſe FN 
ſuch a Ray of Light as being gradually refracted through  . | 
the Medium of Air, (towards the Perpendieular NC,) 
ſhall at laſt fall upon the Obſerver's Eye at B; and let 
BE be a Tangent to the refrafted-Curve of Light in the = 
Point B; then will E be the apparent Place of the Ob- 
ject by Nefraction, and elevated above its true Place F, 5 
by the Quantity of the Arch F E, which is different in 
different Altitudes ;; and is ſettled as in the Table of Re- 
. e OO a bee S che e es „ 
re PL 2 5 
On the other Hand, the Parallax of the celeſtial s | 
how depreſſes them below their true Places; for In- 
ſtance, ſuppoſe any Object at N, (Fig. 2.) draw the 7 
Lines CNF and BNE; then will F de Tes true Place 
im the Heavens, wet: from the Earth's Center & | 
| and 8 will be its I Place, as obſerved from the 
5 Te 1 e Sorkaees 


2 * 


6 PE... Mani Minzen; 27 


Surface at B. so the Arch E F, is the Quantity of Fa. 
 rallax 2-0 to. the AGIs: N F, or zenith e 
4 Tunis Parallax i is 3 1 hs Angle, B N c, $a ; 
| - is greateſ of all when the Object is at L in the. Hori- 
on, and the Angle BC Ly a right one. The Propor- 
tion of the horizontal Parallax B LC, to any Parallax of 
Altitude B NC, is that of BL to NH, or of Radius to 
the Sinzof the D aner Z N; fram thi Zenith, as is this 
_  Evidetit, BC : CN :: Sine of BNC: Sine of — 4 | 
 =$Sins df Z BN. Allo BC: CL (Ses 
 bfBLC-: Sine of CBL. Therefore, Sine of AND 2 
Sine of B LC :: Sine Z BN: Sine of BL C BL. 
But the Angles BNC, BL. C being very ſmall, are equal 3 
to their Sines; and the Angle Z BL, being a right one, 
its Sine is equal to Radius } thetefbre'the horizontal PaS 
rallax BL C! to the Pafallax BNC i n BL T 
They HN of the zenith Diſtance. $7 WS 
The Diſtance BL being ede Infaitely 3 | 
Paallax B LC will vaniſh, Which is the Caſe of the 
Stars. . If L repreſent the 3 his Diſtance is ſo great, 
that the ſaid. Angle B LC, does not amount to more 
khan 9 or 10“ at moſt, But with Regard to the Mn, 
ber Diſtance is near enough to make that Angle very 
ſenſible; and is from: 53 to 62, according ts her differs | 
ent D from the Earth. See the * in Part * 
| Page 56. W . 
Hence tek 18- 094 that face Refration Fe abs 
| Object, and Patallax depreſſes it it; the Difference be 
tween the RefraQtion and Parallax, is that which gives 
the true Place of the Object in the Vertical. Thus in. 
regard to the Sun, (in the Caſe: before us) at 8, his 
_ apparent Altitude being 8 B=22® 15 nearly, the Re! 
_ fraction, for chat Altitude is found in the Table to be 
* 1 ee a eee ee e 


. (+ 1 - 
* * wit IT 
8 * 


5 „ 5 / 

| The LonGITUDE found a Bad 19 

fance 68? :: ꝙ : 8”z ; then 2 NA 19” 5 which | 

taken from the apparent Altitude 222 14 415 leaves i 
14 31” for the Sun's true Altitude,” 

The for the Moog, her apparent Altitude being gear 
$1®, the Effect of Refraction will be 9“ by the Table. 
And by the Ephemeris, her rn Parallax for the 
Time {nearly eſtimated) 5h 55”, Wag 56 to xc of 


_ her 8 De 2 M=g* 5 then ſay, as Radius | 


ine of 90 :; 3372” ; $27” 9 47 = her Parallax, 
at the Altitude MG. 


But this Parallax is chat upon 33 the Earth 
is a perſi GLons, whereas we have ſhewn that it is not 
ſuch, but a Spheriod ; and therefore the above horizontal 
. 85 will require a Correction by the Theorem an 

roceſs at Page 57 of the Mariner's Mz error, Part I, an 


muſt be taken the horizontal ax 3372 an 
there will remain the ſaid Parallax correct = =2 350"; — 
| fay, as Radius: Sine of 9e 5 0989 525" = as" 
© From this Parallax of 8 45” deduct the RefraQtion 9 4 
and there remains 8 36 a” ip be 3 dded to the apparent 
Altitude of the Moon 80? 52 *s and the Sum is the. 
true Altitude, viz. 81 '&' 517; whoſe Complement B 
8 59 9 =Zm, the true 2gnith Diſtance of the Moon. 


this Coen yi in the preſent 925 be 16% vi 


And, as we have ſhewn, the true zenith Diſtance of che 
Sun is 6 47" 29 =Zs; and drawing the Arch m, that. 


. will. pe the true Diſtance of the Moy fa. the =y | 
A which i is next to be found, 3 


* 


Fo this Purpoſe we ftill uſe the ame Theorem g 


=; for h is here the Quantity ſought, and the Angle 5 


1 We found; therefore b irc, becauſe 1 is 


this Caſe negative, by reaſon the —.— 32 is s ob, 
59 Sow ths e e 


vp. La 


* \ a 
* S 
* * ) 2 
— 


4 \ 48 
: % : 1 
1 * N - © ? 
x SF s 
* Li 
* - - 
D D Toy; ; 
; . : f * £ ! 
"© ; g , * ; 4 
; 9 ” + A nd - ; ' * Y 4 
: ' ö 4 
. 


- 


* i The Maxanen's liner 


5 0 [HE 


"I he Sine of 1 12 31 15 4 9,377 
The Sine n 10.56 ,- = 8 
The Product 98037334 e — . | 
be Sine of Zar = a e 
. The Sine of Zm=c= 12 7 0; 8 33 2 


183 


The Sine N 20 Mie: - » 9844372 


The en ProduRt yea=d10108 — vo oo , 
wr Then from xy=0,37334 
Take qu o, 1010 % e K 14 


- 


| There remains „ Sthe Bine FO) the 5 
Areh As=15® 48 4” ; therefore the true Diſtance of the 


7 ; Moon from the Sun, is m T7 11 "56", which was to 


be found. - The AuTHors of the Ephemeris make it 74 * | 
ir $3” oy ops * N ir 39 Fe i 


oh EE HERS Eds 


Fa, 


* * 8 * [5 * 4 
———— a — — — — — hy 
; 3 — A dE _ 4 "8 5 . 


© 
"Hh 
PI4 


*. C 
N > 4-4 


80 185 A p. v. 5 | * ek 1 4 


5 25. true cies” of the Son and Moo being found, | 
rom thence to find the true Lonorrunz \ Save l 
- by the MaTHoD of W o cd WE PO OP AO 


£4 if 


; 1 found ihe” true Diſtance of the 1 15 
from the Sun to be 7 11 56”, we mult again have re⸗- 
_ courſe to the Ienbou of InTERPOLATION, to find what 
the Time was at Greenwich when this happened. For 
this Purpoſe, 1 we may interpolate with only. ue computed _ 
- * Diſtances: in the Ephemeris, viz, one immediately pre- 
ceeding, and the other following the true Diſtance. above 
found. Theſe with * TOM: or ' Roots, will rand 


” . © * 2 A a %: 
* 1 


The Loxcrrups . ” o 23 
Agile. . „ 73 1 1 24:5 
x? - 14:17 2 8 1 

i 14 28 50=7448055=b. 

Ia this Caſe” the general Law g+hx (as we have 
ſhown) becomes ———= S but lines the Times 


or Roots are in BO Progreſfon, viz. 3, 6, 9; &c. 
for them may be ſubſtituted the Numbers o, 1, 2, 3, &c. 
and ſo we ſhall have we M==0, and ni; and the Theo- 
rem becomes a+b—axx=), or b—axx=y—a ;- and 

from - thence we vr "0 : 4 :: 1: , that is, 

1.45639 : 1, 17473 : 058066 =. But unity is 

1 an Interval of 3 indy therefore 1: o, 8066 :: 
| 2,4198 ge, in the Time of that Interval; to which : 
cg — 3 Hours, the Time of the firſt or preceeding Dif- 

| tance, the Sum is 524198 Hours from Noon = 25 117 

the apparent Time at Greenwich.. 

But the apparent Time at the Ship was found to be 44, | 

LE 26 153 the Diference-is 56; 56", which turned into 

Degrees, gives 14? 14, which: is the Ship's Longitude 
Vi of Greenwich, required to be found. This Example 
as wrought * the Authors of the 9 gives this 

| Longitude 17 48» -. | 

But as in the aboye Proceſs, there are 1 two Roots 

ſe "nd their Correlatiyes (or computed Diſtances) made uſe | 

of, which is but the very firſt Step of Interpolation, and 

| whoſe Equation g+hbx=y, is a linea one, and does not . 
conſider the Curvature of the Line L M, (Fig. r.) I 

upon all theſe Accounts, the Mariner might juſtly fuſ- 
pect the Accuracy of the above Determination of the 
„Time, and conſequently of the Longitude of the Ship. 
hut in this, and ſuch like Caſes, he may he very;cafily 

fatished by interpolating 3 or 4 computed Diſtances, for | 
"we what the + POS of the Moon from. the 
. "bun 


TIS or p 2 „ 
aa D MARINER" Minn, 


Sun was 10 the Time found by the above Amy ee 
F 4 | Diſtances. 


: Api. of = = 7156194 - net - o=e 


OG” wx; FR, 


x=1,8066/ 
of ei ce * lacs -. 2-91861=7 
3 > ©, 75933 436941 = 
„ | 1 
© Then we have. N 
- \ 0 — 1 =0,00004. 


E —kx*=0,0099546 
cert | 9, 770586. —lx $=0,000235B | 


Wnence we have a e = 2,63691 - 
To which add the firſt CE 7h 44 


The Sum i is 74 11 86. 21088. : 


Noe this; being the very ſame as 1 given or me- 
ſured Diſtance, confirms the Truth of the firſt Reſult.— 


Al OY TAs VOY : —1 br =2,6472 © 


: From hence it appears, that the whole Affair of find- 


ing the Longitude, (after the common requiſite Prepara- 


tions are made) amounts DENY eee 
ee e 


— * / 
; 5 1 
5 A 8 
. n q LY * ak ERS ©: 
” «3 * FR r E 
N : - 2 
5 < | 
Sas c H A : vn 
A 1 ; 1 : 


Th . Uſe of a Senecas in 8 to the 
Sen · octant or e and its Tn EORY 8 8 ah ** 
eee „„ 


* 


* 


4 ol HE. an wil find with the lead 1 


that the very beſt or moft uſeful Part of his Epbenieris „% 


contrafted into about 12 Days in ech Month, Lan 


1 N 


— 


Th Lenerrubr found. at Suk: 286 


| thoſe wherein he cun meaſure the Diſtance of the Moon 


from the Sun, till that Diſtance exceeds 120 Degrees, . 
und the Reaſon why he is thus limited, is becauſe the 
12 Inſtrument recommended to him, VIZ» Aa 9 will 


meaſure no greater Atch,  -: | 

But inftead of this Sextant, the is a cn ae of 
an Inſtrument that may be called a SMV GorAur, har- 
ing a Limb with a Nonius, (or Vernier) but half ſo large as 


the common Sea-octant, and, of Courſe, much leſs than | 


half the Sextant;; therefore not more than half fo heavy, 


cumberſome; and unwieldy ;' ; and; conſequently. muck | 
more convenient and applicable for meaſuring thoſe 


| = Diflances of the Moon from the Sun or a Star. 


But the greateſt Merit of this Semi- octant is, that at 


| the ſame time it has but half the Bulk, it meaſures twice 


| the Arch that the common Hadley's Quadrant does; and 


therefore it will with caſe meaſure a Semicircle or 480% 
| whereas the heavy Sextant meaſuring only 120%, leaves 
00 on each Side of the Full-Moon; and conſequently, 
upon the whole, 120 of Diſtance between the Moon 
and the Sun cannot be meaſured by it at all; and ſo 
| there are 11 or 42 Days i in every Month on that Account 
by which the Ephemeris i is deficient, and in which the 
55 Mariner looſes the Opportunity of taking the Diſtance 
5 bf the Moon from the Sun, beſides the 6 Days in which 


the Moon. is too near the Sun to be . before ad 


after the Cohj unction. 


In the Semi-octant the Glaſſes ; are alſo diſpoſed. 8 
fluch a Manner, and are of ſuch a Size, as renders the 
Operation of theſe Obſervations and Meafurements much . 
more perfect, *expeditious and ' eaſy, than it gan be by 15 
the common O#ant and l as every” one will ſoon * 5 


ſenſible of by PiaRice. 
It may be further obſerved oh this Semi-oflant, that 3 it 
n Aae e upon a . be or Pedeſtal) 


4 2 ; 
: : 
EN, TS RL "oe | 
” 1 * 7 — # - : 
F 7 e 1 > 
: M x i p 7 : * 1 


5 | 


; * 5 


-m 


> 
* * 
* 


Tb Mamu Mugen ; 
give'the Altitude of the Sun, on Land, at n 
the Day, by Means of a moſt exact artifigal Hon izo; 
and allo, the Sun's 4umuth at a IG if Te», 
* quired. > 

Laſtly, if it be . in a ene "<A you 
may then meaſure Angles all around the Horizon, and 
thus it may be uſed as a Catoptric TuroDoLITE, with 
much- greater Exactneſs than the common Sort are ca- 
pable of. It mesures 180 Degrees, without altering its 
Poſition, and is therefore. applicable to all Purpoſes of 
Surveying, Planning of Harbours, Taking the Poſitions, 
 Head-Lands, eee hos Kanne — eee | 
N &c. 

I have, 1500 l firſt publiſhed wy "Panoar-of Hav 
15858 QpAbnANr, brought that Affair into the moſt clear 
and conciſe View, that I believe it is capable of, and ſhall 
here repreſent it as follows. Fhe Quadrant is DCK, 
(Fig. 6.) AB the large Glaſs upon the Index C X, in 
a Poſition to ſhew any Object at M, in the Horizon, by 
Rays reflected from the ſmall Glaſs 4b, to the Eye at 1. 
Let CM be the incident Ray; CF the fame reflected 
the firſt Time, and F I the ſecond Time parallel to the 
Horizon HO. Laftly, let pc perpendicular to AB, 
{continued out) interſect F Q perpendicular to ab in Q, 
and let the incident Ray MC (continued out) interſet 
the refleted Ray F I in I. Then is the bn ode at ft equal 
to twice the Angle * | 


ere de Ay 2 2 ER 
But the Sum of en, oe - _—_ CP 
Alſo the Angles +» _, CFI+CIF=MCF=apCF 
ol a, wes Cr 82 G 
ivide by 2, then + = — f 
And therefor F = ER SF IF 2 * 


| The. LonerTupe found at SEA. 85 
| Theſe Six Lines then contain the whole Theory of 
the Sea-efant in every Shape; for the Angle CIF is 
the Altitude MCH of the Object, and is meaſured by 
the Angle XCD=CQF=3CIF ; That is, the Altitude 
HM ir meaſured by the Motion of the Index ever an Arch 
D K, But half fo large. Which! is the ficſt Peculiariry Oe. 
of this Inftrument, - 

Tue ſecond is, That the ne of 221 2 M, will 
be at Reft while the Quattrant has a Motion in the vertical 
Plan- paſſing through it. For in every Poſition of the 
Quadrant i in that Plane, the Angle at I remains the ſame, 
therefore the Jaſt reflected Ray F, will be every where: 
parallel to itſelf; and conſequently ſhew the Image can - 
113 fame e or at Reſt, SE 
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TABLE II. | Tr 


0 awhich the Degrees, Minutes, and Seronds of Lonarrupe; o or 1 
ASCENSION>, are expreſſed in Hours, Ws, 1 Seconds of Tra. 
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The Uſe * This + Table is eaſy by the Example following. Ler i it 
required to find what Time is required for the Motion. of 108 4 
45" under the Meridian? 3 * | 
Thin ny for bb 6 of WM au , 
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Th be Anſwer is 
| 5 . ip 2 
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= econd Confederation I have thought ĩt might not be amiſs to an- 


J 


Pas Sa 7 mm 7 5 N that I kd a no Intention to ſay 267 
h relative to the Stars in this Eſſay on the Longitude, yet on 


ber to this Tract the following Table of the Right Afcenſions and 
Declinations of the principal Fix'd Stars, adapted to the Year 17673. 
and by the Annual Variations, it ſerves for any Time to come. 


 This'E thought the mgre expedient, as ſuch a Table of the Stars 


is extremely uſeful in the greateſt Part of practical Navigation and 
Aſtronomy; and eſpecially in caſe any ingenious Mariner ſhould 

Attempt to try his Dexterity of Hand in the Dark, and to grope out 
the Longitude by means of the Moon and a Star, ſuck a Table as 


this will fave him conſiderable Trouble in turning the Right Aſcen⸗ - 


fins of tho Star into. Time, un is neren ut every fuck Operation. | 


One would therefore have thought that ſuch a Table muſt have 


| flood foremoſt in a Collection faid to be ſo regui/t/'to his Aﬀfit, 
| ance; Inſtead hereof, he finds two Tables of Right Aſcenſion 


and Declinations in Degrees and Minutes, differing in ſome Places 


not a little from each other; he has alſb two Tables of the Longi- 


fades and Latitudes of nearly the ſame Set of Stars, of which ho w- 


cer no Uſe is made N are) in the Solution of this | 


_ Problem. 
But what will appear moſt e inary in this Stat Publicationg 
© is, that it is defe:ve in an ęſſemial Part; for they have made alt 


the Operation to depend upon Ten zodiacal Stars, which are mark 
_ with an Afﬀteriſm ® in the Table annex d, whoſe Diſtances from the 


Moon are annually calculated in the Ephemeris. And though we 


have tao Tables. of the Right Aſcenſions of Stars, (Page'r2 and 


175) yet in neither of them do you find any Mention of One among 


_ thoſe Ten ſelected Stars, viz. that call'd g Capricorm, though Obſer- 
| vations are ſuppoſed to be made by it eight Months out of the twelve. 


I might likewiſe take Notice of their letting paſs ſrom Vear to Year 
che Error of the Preſi, in putting Minutes (/) for Seconds ( ). 
over the Annual Variations of Declination. (Page, 15), ſince a Mi. 


take of 20', inſtead; of 20, will not be fo W in the selu- 
nen, 
* 


-_ 


Faw 


2 „„ Mala“ s * 


Heighth of the Lye above the Sea, 18 Feet. 9 e 


Re meter Declination, the Hoyr- Angle. from 
| the Meridjaq | is found to be 60h 53... By. this the Time; a the 


As the Method of finding the apparent Time at the «bhi. by ty 
Altitude of a Star, is different from that of finding it by the Sun, I 


mall here exemplify it, and ſhew how much it is facilitated by this 
Table of Right Aſcenfions in Time, We ſhall take the Caſe men- 


tion'd Page x50 of Requiſite Tablgs. Wbere it js ſuppoſed the” 
Aititude of the Star Procyon above the orizon of the Sea was ob- 
ſerved September th, 1767, in Latitude 7 45 South, and Longi- 
tude zoh 10“ Eaſt of Greenwich per Accuunt, i be. 1 2 


Then by getting the Altitude clear d of Dip and Refradtion, in Th s 


Ship is found of conrſe, by the following general Formuln. Put 
R Right Aſcenſion of the Sun in Time; 8 Right Aſcenfion 
of the Star in Time; A—Hour-Angle in Time; 24 Hours the 


Natural Day; and T= Time required from the preceding Noon; 8 
men in all Caſes jt will be 24 +5 —R HAT. Where note, chat 
1 will be A when the Star i 18 d e e ten | 


hen it is e . FE vi 
In the Caſe above we have, by ak Epbewiris for bene Wy 
R=11h3' %; and by this Table S h 2 6; and the Angle | 
e * 56", ang it muſt be- 7 756 becauſe the star is 7 


$3 . * 
6 Xp * 


| Tour aw Tx2 13 fe 6 le . &, 1 
454 wg FR=27 17 8 
Wat by. Sobdoct AE ie TN * . 85 5 


— 


eee the Time: TS» 2%: 3 


eds the Longitude you 180 Eaſt - 5 | 0 15 
"from Greenwich 1 * | 


15 5 5 wi  Thery remains | 14 20 51 


* 1 5 


0 This e wy 20 5¹0 f is che Time at Greenwich. Bur 8 | 


Time is as yet incorrect, becauſe the Right Aſcenſion of the Sun 
was taken for the preceding Noon at the Meridian of Greenwich; 


whereas the Obſervation of the Star's Altitude was made 14h 210 


after at the Ship; therefore: the Increaſe of the Sunꝰs Right Aſcen- 5 
Gon mult be ſought for that Time. By the Ephemeris it appears, 
that from September 7th at Noon, to September $th at Noon, there 
was an Tnereaſe 3“ 3s" 3 whence by the Rule of Three ſay, As 
* 2 35" 43 14h 21'; 2 * this fubduRted from the Tune at the 


of | My 
* * a 
: By g 


— 
11 * 
85 £ 3 888 


be Eaſt of Greenwich; and 


i "muſt . 


3 a 
. 3 at SEA. N 


Ship x 16 22" 3 leaves 160 * 5, we apparent Time correct at 


| the Ship as required. 


Let T Time at hh Ship {Time at Greenwich 12 
tude of the Ship from Greenwich z then T LI, if the Longitude 
Lt, if the Longitude be Weſt, 
In the firſt Cale, when L=T, then 20, or the Time at Green+ 

But when L is greater than T, then 24, 
, Tad = have 244 TL: and then the Sun's 


Right Aſcenſion mult be taken out of the Ephemeris for the Noon 
"© of the Day preceding that on which the Obſervatioꝶ was made. 


But in the Cafe of Weft Longitude; if T +I exceed ag Hours, then * 


3 T+ L=24=t; and the Right Aſcenſion of the Sun muſt be ew > 
out of the Ephemeris for the Noon of the next Day after that o 
the Obſervation. Having thus in each Caſe obtain'd the Sun's true 


Right Aſcenſion, you then proceed to find the cs uw at 1 | 


Ship in the Manner before preſcribed. | 


In the foregoing Formula, by making Amo, you find the Time 


T when the Star will culminate, or be upon the Meridian, at any 8 


Time of the Vear; for then 24+$—R=T. Example, What. 


| Time will the Dog-Star (FSirjus) be upon the Meridian this preſent 


1 Day, July 17th, 1769 ? In the Table the Right Aſcenſion of Siriug 


is (corrected) 6h 34 5875 and therefore 24 Sg 30h 34/ 58”, from 


Fhich take R=7h 47 $7", (the Right. Aſcenſion in the Ephemeris 


for July 27) and there will remain zah 47! 17.3 but the 22d Hour 


of the aſtronomical Day js the roth of the civil Day following. 


Therefore Sirius culminates on July 18, at 47 after 10 Clock in 2 


the Morning ; ; -which being at this fultry Seaſon ſo near an Atteny 


2 dant on the Sun, occaſioned the Appellation of Dog-Dazs. 


: Another Queſtion is ſolved by the fame Formula, viz. At what 


Time of the Year will Sirius be pp on the Meridian at 10 o'Clock 


at Night? Here A=o, T=10 ; then 24+8—10=R=14+S=. 


zh 34 58"; but this is the Sun's Right Aſcenſion at the Time 


required; which in the Ephemeris for the preſent Year, is on January 


a ßth.— The Mariner will find Solutions to other rd . 
5 without fas farther A aoR> . a 
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PREFACE. 
ONT 8 A f | . n 
As FED TORE of Looalitwus has bet | 
en out of Print, and a Demand for it ſtill con- 
 Yinuing, I have been induced to epitomiſe this admira- 
dle Science, and bave given it quite @ new Dreſs, by 
= adding ſeveral important Articles hitherto wanting in 
bY Books on this Subjett, eſpecially reſpectiug the Inv x n- 
TiO and Application of theſe artificial Numbers is N 
Nautical „„ | 
The Invention f Lovanrrifs bas Jun lh 
aferibed to Lord Neve, à Scotch Baron, whereas 
1585 ir is in Reality due only to our Countryman Myr. En-:- 
warp Wa four, as I have fully demonſtrated. 
Mr. Warrants Table 'of LaTiTupEs was the ft 
Svs TE. of Loo ART Hs the World ever ſaw, and 
are peculiarly adapted to the Service of Navica- 
Tron; whereas the Loparithns afterwards pub-. 
bed by Lord Neper, were of fuch a Nature, and 
 : Form, as rendered thens of little Uſe, till they received 
a. Transformation by Mr. Henzy Baleos, who 
| might juſt as well have made the Trigonometrical | 
| Cano of LooARITHIIs "in preſent Uſe from Mr. 
| 5 1 * 3 0 
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| Elucidation of their Theory. 


5 88 wonder if all nautical Computations are founded i in, 24 


Ibereſore is an eſſential. Part of a Treatiſe on Naviga- 


„„ 7 R k F A 0 E. 1 oe, 
| Wright , as from Lord Neper' $ Form and Module; | 
Abe had but confidered it as thorax bly as the "per; 1 
R Dr. HALLxVY Ad. N 
As Logarithms are artificdal 8 or rather 
| "ai Numbers artificially applied, their origin from a 
Series of Numbers in arithmetical and geometrical . 
| Progreſſion i is muth more naturally and properly dd 
ben than from hyperbolic Spaces; and being expreſſed 
or repreſented by Lines, gives a much eafter and clearer - 
dea of them than can be had hag the intricate T. be 
. of Conic Section. ß Co Ode þ 
Tue Logiſtic Curvz- is e k „ 5 
Ie Nature and Conſtruction of all Logarithmic Lines 5 
and SEALES may be eaſily ſeen to. originate from it; of 2 
705 which no leſs than Eight, are here appoſitely placed to 
| correſpond. to the ſaid Curve, are very large and pro- 
periy divided, and receive from e the — natural 


b 3 75 11 


de Application of Lagarithms. to 8 : 

We with the greateſt. Propriety; for this Science is oy F 

 baps the only one that is wholly, of .@ Logiſtic Nature ; 

" the Way of the Ship upon the Sea is upon an equiangular 
Curve or Rbumb; this ver) Curve. is projefied\in 

Plano, into the Logarichmic Spiral, and therefore no 


derived from 4 Logiſtical Meridian Line, and Lo- 
Saritbmic Tangents. 3 T reatiſe of . Logarithms 


6 tion, and 8 to be regarded « as the Mariners Pre- 4 
mier; ; Jo einer 4 1s more, re fully, 7 11 15 bere 5 hey. all 
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mon Canon of Logarithm Tangens; wbich are the e 
Thing as Meriional n but in another Se u „ 


e r oat 18 1 8 : 2 5 e ad 
Their rden to the Comm 
_ miETIE; and the Rationale of each Operation, I have 
| endeavoured to mole ac general, «ah, aid operon a; 
Fi. | 1 a 3 pap: 28 
Tb. Uk ze, or e Neceſſy, aft * 


in Natutal PRILOSO PHV is ſufficiently eee 
1255 capital, Examples.” .\ And: the Doctrine, Notation, 
and Arithmetic of Ratios, ſo little underfood, is bere, 
e Now, . it is Seo CNY un. | 


. Light.” & 


As the Corſi Matheſis * S. of Legited $A 
 Geametty; and is, for the moſt Part, locked up from | . 


the Public in the Harmonia Menſurarum (a Book 


out of Print, and rarely to be met with) I thought I 

could not do a more acceptable Service than to explain 
its Principles here, and apply them in a few important 
Examples 1o practice. In ſhort, the preſent Tra# is . 
but, as it were, An In xx op f 10 "ou 4. 1 


_ mirable Mork of My. Cors. 


A. this Compendium makes the Third Part of the. 


. s MixR0On, ſo a New TREEZATISE of 


IT r1GONOMETRY #55 now ready for: the Preſs, and will 9 
eon appear in be Fourth Part; wherein the fund. 
mental! Propoſitions of Plain and Spherical Tx1r- _ 
\ ANGLES will be demonſtrated in a Method entirely 


© et; 


new, and much more compendious and 620 l * mo be f 
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©: Arto Tanrzs of LOGARITHMS, theſe Lhave 
mam Reaſons, purpoſely omitted; fe Tron 
F correfling ſuch a Set of Tables would be pery great, 


aud which, at ny Timeof Life, Icould not undertake. (a.) 


I would inbunce the Price of #he Book without way 
treu Occaſion, becauſe (3) there are ſuch \Tables in 
every Book of Navigation, and pra 
| thematics. (4+) But the principal Reaſon is, that where 

"4 is not required beyond all kind of Uſe, the 
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x. 1 af ub any Number or Quintity (4) be 8 
I F plied by another Number (e); the Product 
is ae; this again multiplied by (e), pro- 
„ k. K duces aer; 5 again multiplied 1 (e). is 
Ss 2 FA and ſo on continually. T he ſeveral Terms or Pro- 
* I. duckts e by fuch A conſtant Multiplication, will Ralid - 
| bs below: 5 | 


8. ae. ace. ave. z + aretes. ah. "Or this, 
PTR: 


, 1. ae* . 50. 47 4% 45. 4 —— = 41 
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Ee. . 1 4 New and Compendious | : 

„ The Terms of ſuch a Series are in 22 
trius Progreſſion; and the Indiees or Numbers ex- 
pounding the Powers of (e) in each. Term, viz. 
9. 1. 2 3. 4. f 6. e e n, are Numbers in 
Arithmetical N having all one common Differences 
which in this Series is unity, or 1. 

3. If we put gt, the Series will be more fimple, viz. 
I. . 4. 63. . 85. 85, = - = „ this is a Series of 
increaſing Terms; and the neee 1. 2. 3. 1 5 Se. 
are Poſitive. Bot there may be the like _— of decrealing 
Terms by Divikon)\ viz — os a IN — Se. which 

4. ee. Cee. C00. 


may be thus exprelſed with. hu Rees Indices, viz. 
| 1 * 1 * e | 
eech Side n e „ 
| * . l &, 62. 6. * * Y- e 

being continued each Way to the Number 45 | Not, 


= . BI becauſe — —X an, „ . 
5 Sometimes ET conſtant Multiplier is a Binomial, 
* cenie of the Sum or Difference of two Quantities, 
FS prey, of 1 r, 1x. Rod es the Tome of 


| — 


is Series will ſtand thus, 3. 1+ x* 1+x* ITT. 


| $35 8 | WARES" Sake | 1 vr for the decreaſing Beries 7 
ihe Terms wil he ths expe, 1. I r 1 1— 3 | 
4 . af — I=X» WE : . 
Es 8. This Series of Geometrical You! may 1 5 8 
: in pure Numbers, "Pp. the Arithmetical * F, * | 
nents, thus: 0 N 8 
„ Arth. ©. 1. 2. 3 Gs. % — N ES 3 
 Geomet. 1. 3. 9, 27. 81.243. 729, S. 
. Theſe arithmetical Exponents are called (i in Greek) f 
3 * FO TRE or . the 
N | Place 


0 


| Comba of Locarrmmys. 3 
Place which every Term in the Geometric Series holds 
from Unity, or from each other, which is called the 
Ratio of tboſe Terms to Unity, or to each other. Thus 
2 is the Exponent or Tagarichm of q in the foregoing Geo- 
metrical Series, or jt ſhews that 9 is the 2d Te rm from 
Unity, and that the Ratio (or Multiplication by 3) has 7 
been twice repeated to produce it. In like ako 5 1 
the Logarithm of 243, or of the Ratio of 243t0 1; and 
the Logarithm of Unig or 1 is o, as 1215 is not diſtant 
ſrom itſelf. | : 

7. From what has . premiſed, it is wa that 
AvbiTiION of Exponents, or Logarichms, anſwers to a 
Mor rirricarion of the correſponding Numbers or 
Terms; thus 1 + 3=4, and 3x27=81. Alſo 2+4=6, - 

and gx81=7293 and or = to to which 3 ps 
* 24322243, And ſo in every other Caſe, I I 
8. In like Manner a SU3TRACTION of Logarithms cor- 62s 
| reſponds to aDzy3810n c of the reſpective Numbers; thus 
4=1 S 3, and 81+ 3 = 27. Alſo ae and | 
4 729-2501 ; and fo of others. | 
1 . InvoLuTION of a Number to any 3 is cor- x 
9 76 Hondept to multiplying the Logarithm thereof by 
f ED 3» 4. 5. Cc, thus twice 2 is 4, and 81 is the Square of 
a Alſo 3 Times 2 3s 6, and the Cube of 9 is 729 z thus 
on Ae, 4 Times 1 is 4, ſhewing 81 to be the Biquatratic 
1 a Power of 33 and 5 Times I is 5, which ſhews 243 is the 
_"5thor Surſolid Foe: of +. And, 4 on i for other higher | 
* 1 Fr . 
10. Warn or | extPating the Rook of: ws Nader, . 
| 4s done by taking one Half, one Third, one Fourth &e. 
nn of the Logarithm thereof; thus ; of 4 is 2, ſhewing the 
5 Square Root of 8 1 to be g. Allo of 6 is 2, which ews 
9 to de the Cube Root of 729. Agsin 2 of 4 is I, anỹk 
| Tthews 3 is the Biquadratic Rost of 81; and g of 5 being l, 
| "mY J's * of 451 and ſo of others. ä 
5 - Ba 11. * 
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| 4 Vs 1 New and Confilitbis 


11. From what has been ſaid of this Series, it appears 
der all the Terms thereof are proportional to each other, 
: or have the ſame Ratio i ig regard to magnitude; ; thus gh is 
Juſt as much bigger than 3, as 3 is bigger than. 1; or | 
S432 350 Alſo 27 is in Magnitude to g as 315 t 1 1 
that is, 27: e ls Bp Again, 81: 27: 2793 and 
FP and 729: 243: 81:27. And fo on 
throughout the Series; which i is the Reaſon why they are 
called, 4 Series of C—_ or N in e 
Proportion. Ft 
12. Hence the Plactice by the Run © or XJ, LR af 
finding a Fourth Proportional to three given Numbers « or 
Quantities ;, viz. the Product of the two Means is equal 
to that of the two Extremes; ; thus 1X9=27 x27. and 
$1x3=27x93, and 729X27=243x81 3. and ſo on. 
- Therefore 3 Numbers being given | to find the fourth, 
you divide the Product of the 2d 4 nd 3a by the firſt; and 


+ : > - 23> 2 * 1 * he 29 *: & 
the Queen! is the Anſwer + cha IK, | 355 or 22 
=8r, i O'S e Gt 4 W134 : {BASH — — * 
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But this 8 is IRE? by only the Addition | 
0 3 Subtraction of the Logarithms, of the given Nymberg, 

Thus 324g 1, the Logarithm of * Org3+2—1= 
- the Logarithm of 81. Again 5+4—3=6 the Logarithm 
of 729, or, 5+4—=6=3- the Logarithm of 23. Hence 
thoſe tedious Operations, are greatly | Faciltared. . theſe 

1 - Arif Numbers or Logarithms. 33 vi 
Abe When any two Terms of the Series are com pared, | 
dhe Ratio is ſaid to be /imple, as: of 3 to 9, whoſe  Loga- 
"dow are 1 and 23; but the Ratio of their Squares. and 
t is ſaid to be duplicate, becauſe their Logarithms 2 and 
A are double. che former; 3 and the Ratio of the Cubes | 
, of 3 and q, via. 27 and 729; is ſaid to be triplicate, as 
their aids 3 and 6 18 triple e * ſim 


hat "7 i 24 | . ; . 4 


rern of - L604 hfirive. Cn 3 
e On the contrary; the Ratio of the Square Roots, 
Cube Root, &c. is ſaid to be 3 e Ca &c. 
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Of the A Fab - Shs of the Logitie " 

T Logatithmetic Curve; * the © univerſal 5 75 1 
""SysTEMs of - Lager ie th thence duke; * and of the 4 
N Ratio, 5 wi? * WH  -- 
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5 Series of proportional 8 or | Quantities 15 
may be repreſented by right Lines, above or be 
0 low that which denotes. Unity. Thus let A B=1, and 
let CD, EF 1 GH, IK, Ec. be Proportionals in the Scale | 
above; and ar 86 gb, id, Kc. an e below. Un 
| (Fig. We} 50 S323 SISA 1334S 2 685 Wed D e n ud 
. eee ies e placed upon 
:a Right Line VZ of an indefinite Lengtb, it is evident 
the proportional Lines AB, OD, EE, &c, will have their 
Logarithms expreſſed, by o, AC=1, AE=2, AG=3, 
Al=4,, Cc, as in the numerical Series at (5.) Alſo : 
_ *eaufe” Eogari ithms are in Aritbmetttal Progreſſion, or tqui= | 
© different, therefore. the proportional, Terms AB, CD, EF, 
&c, will be equids Ne or. * Intervals 0 =EG 8 
yt Se... Fs xp S 2 20 Me 5 
& Koh the Tops of theſs e 'I 5 be n 
* the Line WPX, that Line will be the Legarithmetic o "| 
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"Logiſtic CURVE; and the Line YZ is its Axis, or rather 5 oy 
Alen beeauke the Curve towards W will conſtantly. e 
approach to, bot can PE cojneide with it,” as we t | | 
ſee preſently.” "OS LOT LES + | 

ja 18. Parallel to the Avis YZ draw Bo, Da. Fe Hy, | 2 
e then will Don, Fx, Ho, Kp. be the Differences WW the | 
Proportional 9 and will be in the N 8 | 


„ * 
| 28 the Terms themſelyes. For fince AB: CD :: CD: 
EF: : EF; GH, &c. we Hall have (by Diviſion) AB 

| CD: AB: ; CD—EF: CD:: EF-GH: EF, &c. That 
2 . is, AB; CD: :: Dx: Fn; and C D:EP:: Fa He; . 
EE &c. There fore, 23 HE DH Ey Sc. A * | 

Quantity. ETD a3 

f r. 

* ML, betwo other Terms in the ſame Series or Scale; and 
ſh draw Ng parallel to the Axis YZ; then wilt the Tri- 
- ages Mg ane NTS be Gate, 3 and therefore Mz: 1 


& i 
— a 


N L£ 


m1 9 rage Ng 46) ei the Bn an: TS 5 25 In . 
Cure, a conſlant Quantity, or every where the ſame. 
20. Let the Number Nx, and its Logarithm Ag, 
—_ When the Terms of the Series are age near, 
3 Nyg=(TL=), 2, Mg=s, and ſo 4: 2 22 * TS 


Abence barg. | Wherefore, by making 15 con- 
dat Quantity t=, we have = _— - £2.07 the Fluxion of the 


| "Lagarithm of any Number in « Fits fo pro en Toons on 
ber divided by the Number itfelf.” 

1 21. Hence the Meaſure of the Ratio of x+# 40 x or of 

IM to fel bs e in e Uifferent Curve TY 


* 


1 as the gallen fi th Curve ; ibid in this Caſe, 
3 Der 5 is a given: Quantity (18. ) On this Account the 


be e 0 may be eſteemed the Mopurs of the . 
rium in every ſuch Curve, o or Scale of 1 


2 x 


— N 2 ee ene 


. : f : 5 5 8 * 


Searen of Loc arm. * 
22. On the Point 8, let there be erected the right Line * 
© BP, repreſenting another Proportional in the ſame Scale, 
then will the Ratio of TN to PS be AT—AS=TS=:;, 
the Afedule itſelf 3 this Ratio is therefore diſtinguiſhed by 
ite Title of the Modular Ratio, in every different Syſtem | 
or Scale of Logarithms, What this Ratio i is, in Num- 
| ber we ſhall fee by and by. | 
23. The Ordinate TN may alfo be denoted Binemially 
thus, 1+x; its Fluxion is ſtill z=Mg ; and then 


f 5 t, 3s before (an.) But ĩt is now in a proper 
7 


Form for computing the Fluent, or Logarithm of the , 
Whole Ratio of I +x to 15 or of IN to AB. 129 


0 


X * 5 
24. fer e = A4 +x x; + ws,” 


-” (by common Algebra 3) and by taking the Fluent of 
each Term, we have * * + 3a? A*, &C, conſequently 


the Fluent of tx 227 U e Ke. 


Ar. the Logarithm of the Ratio of f Le to x. 5 
25. If the Term of the Series be taken in the Scale be- 
hind Unity AB, -then it will be repreſented by I—x, as Fl 
the Ordinate 7}, and its Logarithm Al will be negative; 
and w will be found, as above, to be g={x++ 4 T 
| Fin, &c. * And the Sum of both theſe Series or Loga- 
rithms will be a If , Kc. =TitheLo- 
garithm of the Ratio of 1 4 * to 1—x, or of TN to 14. 
26. If the IO! Ratio were that of a+ to a—x or 


Log: imm, or Meaſure thereof found, for | 
cas Ratio coc and both w_ together in the Man- 
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ner above e will be 21x _— +35 * 
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8 4 New. and Compendious 

27+1 Hence if a Sum of any two Quantities m and , and 
their Difference, then will this laſt Series be the Loga- | 
rithm of the Ratio of the greater (m) to the leſſer n. For 
ſince a=m+#, and Em-, we have gm and 
=; 3 and ſo wad hs a:; zm 2: min, 


rherefore 27 =A, "ASE; Dei, c= 255, e d 


then A+3B+3C 42D, . will be the Logic of 
theRatio , or of n to n. a N =} of 2 a . 


# 2 


4 — 


28. e 1 PEI 6 Ee. 8 
Logrithn of the Ratio of 1 ＋ to 13 therefore we 9950 


br apts 4 +3 4 41x, Ge. and cherefore r 


* 3 wo * 5 
1 1 25 10 1 ** . ce Nas « x 1 "4 46. 44 
* 


| n 11% 6 in like Manner BE 12 


* 
2 
* 74 


1 1 


| "po" . d ee, ver wah, f. = . 
e. 3 M 


29. e 15 Minh the Tatts @ given, ; you ; 
| findontheother Hand what Ratio i it meaſures; 3 for by ad- 


thy. =o Things to Equals we have 21 2 7 4 42 


CO i 


8 be 
0 55 + aue, Se. And! ag, £44 0 _ 25 


. la * be, . And then ak» + 


e Gee. Lafly,£ 4 | 


2 an e Ge. Conſiquently the 
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: ant Gl IE tas 
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30. If now we put g Sf or n 8 we ſhall have 
the Ratio Medularis expreſſed 9 1417 17 ＋ f 
Ae Sc to 1; chat is, 2,1828183, Ce. to 1 
this Modular Ratio had been derived frem the Ratio of 
x to bee, it would have come out x to „ 
. Se. ry . to 8333 180 * . 
31. in the exies expreting the thm 1 to 1 
=x (25), we pot l, then it will become 7X 777 TT 
T7 e. g; which Series being really infinite, ſhews 
the Logarithm Az will be infinite. when the Ordinate 
KI, Ir "when the Curve meets or touches the 
. 2 at an infinite Diſtance. . 
* Draw the Ordinate 00 indefinitely n. near 10 TN, | 
4 Al tr gh N and O. draw Rg, Or, parallel to the Axis 27. | 
15 'Then, TY the Area between the Curve XBW- and it's 
| *Alymn ptote Z V, infinitely extended towards V W, and ter- 
minated on the other Part by the Ordinate TN, be equal 
to the parallelogram TSRN contained under the Ordinate 
TN and Subtangent TS RN. For becauſe Ns: Or. 
** N- T8, it in TS NIE TN O,; z bat TSxN:i is 
the Plukion of. the Parallelogram, and TN xOcs is the 
Fluxion of the Area; and eonlequenely as he 71 Fluxions 
"re equal, the Fluent? are ſo too. „ | 
8 75 Hence, becauſt the. Subtangent is a given Quane 
dich, that indefinite Area will — be 25 the Ordinate 
by which it js: termin ste... 
: . In the foregoing Caſe of the Ratio Modulori ( 70) 
| 0 | eee Ste is that famous one (fo often men- Us 
13 joned! in the Solution of Phyſice- Mathematical Problems) 
4 whoſe Natural Logarithm i is Unity or 13 but in the com- 8 3 
mon Briggian Scale it is 0,43429, &c. and in the Nowfeal © 
Seale it 120434377 He. : Theſe Numbers being reſpec- 
tivel the 7 1 ent of * Ou Az wo ha pr. * 
| col 223 | Fr, 
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Of th — of Natural LOGARITHME, lies from 
te Logiſtic Curys ; and of the STERN of Loca- _. 
RITHMS_ in the. a Conga, —_— 
. es Te hls. e 


35 2. the Conftrution 5 2 Non of 1 it 

is necellary to inveſtigate the Logarithme = 
Prime Numbers only, the others being obtained from them 
by. Addition alone. Now the Prime Numbers between 1 
and 10 are four, Viz. 2, 3. 5» and 7. of theſe, and 
their Powers, ſuch "Ratios may be compoſed, | whoſe 
Terms differ from each but Ea a Tag Unit. Tha. 


2&3 WE, . . e 2401. L 7 


„ F271: EY Eta =2400* AX 


PS 
a 1 n "Ji , 72 Ky I 65 22 452" . & pls 
_ '. 3 94 28. £ * £371 * # 8 5 * a * 5 2 4 + By 1 3 12 N 3 


1 6. Un 1. phe hin of the 1 a, «Pp ts d; z nde 
i Logarithms of the above fourRatios be called 2» 7, 7 „„ 
reſpectiyely; then by the Nature of Logarithms (7: 9.) we 
ball have * +2b=—c+43 g==5a +26 Hacmdy 
FI —$a—b—2 c+4d; and = 544% 4. Now 
the Terms of the leaſt of theſe Ratios: are ſo large, and 
their ir Diener ſo ruth. * * rf firſt J of the 


= 6 "T1447 


| vi bars 2226,0070684, oe. t in, W 


TAH'!) * Fs 8 


IS. @ . 
0 * 


Ster ee 2 tt 0 
ner, we have 220, 0044544, &c!"r 26,0004 1658; 
Oc. and $220,0002285, Ee. Then, by the four Equations 
in the laſt Article you find (by the common Rules of 
Agobra) the four Logarithms a, ö, e, d, of the four Prime 
Numbers 2, 3, 3, J, vi. the Logarithm 20.693147 : 
_ b=21,09861a3 542136094379; and d 1,9459 01, Gr. 
38. Having obeained the Logarithms of theſe Primes; 
you ſind by Addition, the Logarithins of many other 
Numbers; ſor Inſtance, E047 19021 80.1 
bn To the Logeritbm of — * 5 _ 
th Add CEA of "2=0,693r472" ** 


2 15 


The Sum is the Logarichan of: 10 a, 0 260 - 
29. By finding the Logarithm of the Primes, 11, 1 
17740 a much greater Number of Logarithms will yo 5 
be obtained z and this will not prove ſo difficult a Taſk a: 
before; for put 410 II, and 1a ; then 1 — WM 

and rg, and 1 ab. Hence the Square F 

a Frims exceeds the ProduZ of the two adjacent Numbirs © 
ig. Therefores: if to the Logarichm-of the Ratio e 

che Square to the ſaid ProduR, you 2dd&the-Logarithm.vof  Þ 
5 8 thep-hll chat lum will be:tbe et oaks 3 


1 8 2 =0,0082988 (27), oM = 
5 che Logarithm of 120= > 7874917, the Sum is 4,7957905, 4Y 
which is the Logarithm of z“ and the Half of that, viz. 

23978952 is the Logwiths of x=11, as required. 
After the ſame Manner the Logarithms of other Primes 
de found, "and fron them the Tage of al; other 

| Foot AN mari if 
40. "The Logs ithins Litherts treated of ae [PEE ” .. 

ale Natural — whoſe Module (97 is Yeu 5; 

=  ® Becauſe gab.. ry 
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12 4 New, and Comp | 


But this Form or Syſtem. of Logarithms: {heh very - 
fervi ceable i in many Parts of Mathematics) was ſoon diſ- 
ecvered to be not ſo commodious andeeaſy in Trigonomotri- 
cal Cumputations as another Form or Canon of Logarithms 
would be, wherein the Logarithm of 10 gonſiſted only of 
Unity with Cyphers annexed, . 2 100 ⁰, e, Be- 
cauſe, whereyer, the Radius is concerned, as it is always 
ſuppoſed to conſiſt; of 1000000 οοο qual arts, ſo its 
Logarithm will be x,0000000, Ke. And conſequently 
by this contriyance, only one Adlition or one Sub traction ; 
| gs be required, inſtead of both erations together. 
41. This Alterstion in the Form of Logarithms | we 
4 owe to out country man Mr. HentyBriggs, and it is chere- 
ſore called the Brig ian Canon, and ib that now in doin- 
mon Uſe. It has been ſhewn, that in every Syftein of 
5 the Modules ate as the Lara 'of any 
ett Ratio (21), and therefore ir will be'4s tlie Lug 
bm of 10, viz” 230258 7 i 0 the Module 'x*(in the 
Natural Syſtem ) ſo is 130 ic Logatithm of 10) to 
$3434294482= Module of Briggs's Sytem; and this latter 
Module, it is evidenty is only the Reciprocil of the former. 
J. On the Contrary; by having giben the Modules 6f 


any txo Sy ems or, Scales of Lagarit ithms, and the Loga- | 


2 


rithm of a Ratio in one, you find the Logarithm of a | 


ſame Ratio in the öther; för the Module of one is to 
Module of the other, ao the Log aritfim In one is "to | 
Logarithm of the ſatheRatio.in-the-othes!3{1- 4.1 247 bak 
1 We have nom ſbewn the ConftruAion of . .two 5 
tems of Logarithms, viz, of the Natural | Logarjthmg tis 
| vented by Lob Nzezs, 2. 9525 Baren, and publiſhed 5 
in the Year 1614; and. the B Briggian Sy/tem_ in common 
Uſe. But there i is a third 8 yſtem of Logarithms invented 
and publiſhed by our Cs Mr. Ep. Wz1GHts | 
before the Year 1010, and is therefore the fr/{ SYsTEM' 
; of SOFAS ITS, * W ever e Iut: * 2 


44 8 © ab. ISLES 


Principles from which they, ariſe; and that in a Manner 
oor 1 W ee in any "_ 9n;NAyiGATzon 


oY 55 1 ws + 3 4 7 2 if 30+ 1 8 125 13 t 8 
TITLE x of & 11 8 


ts 11 J tn 7: S $43 poles EH 5118 r Kall 
ns i 1A 7285 BA 4 #3: IV. rte . 


Of the! Firſta do- Original SysTEM of LOGARITHM 7 in- 
- vented by Mr. EW]. WRIGHT? and their Uos in c. 


12 4% EP: * 


©) fradiing the Naaitical PLANISPHERE for Nasser 
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Sanj“ 9e 10 K 


F 1 150 W 
#1: N, La Mew, buen ally, alles... 
tg each be and the Rains af — Pas 


1 Se Latityde equal, to that of the: Equitot, itfollowsj 
that the Degrees In every ſuch Parallel will abe enbaged 


9 in this Chart in the Ratio. of the: Nadius the Egudtor to TY, 


_ the” Radius i Parallel, chat id, in bs 'Ratio "of the 
2 "eve rhe Cofineof Latitudecotnad) r DA Aus» 
2. In order then to preſerve tl ſame reſpeaive'Poſi- 
tion and Bearing of Places: iñ rhid Chart, as they. have 


upon the Globe, it is neceſſary that the Degrees of Lati- | 


_tude exde thould- be[every! where enlatged in the ſame Propars 


Tion, viz. of Radius du the Co-/int of the Luritud; and then 


the Meridian ganſiſting of ſuch. enlatged Degrees, is called 
j . or (eon che oomman Scales) 


- copied from the original Table compoſed by Mr. Edwar ard 
ih under the Title of à Table! of Latitudes; &c. That 
i, à Table; of Numbers exprefiing/he - Length of an 


1 Arch Sh; a e War ct theſe enlarged De- 


BUS 1 THOR 985 ee WY unn 15 
IL LN nd 9 


4 
2 


vs _ r of Loans. | wy 
ae for, the Moriner's 75 Us. ve ſhall,nemt explain the 


| $4 R 
1 n“ X 913; 10 + +66 4 411 0 


. 22 f * Parts... N Ie EF aa} IGG n Y 
. wo! Theſe  Meridional Parts are Numbers contained i 8 
. the Tables of that Title in moderſt Bboks of Navigatipn, | 


. Ae a mpendious 
| grees.itb/any Latitude ; and theſe” Numbers make 2 
| Nautical SysTEM of "DOG ARITHMD," the ee 
which we are next to explain. er CG Ao 
en AEDibe A Meridian of the Globe Fig 2950 j 
fte Genter; EC the Radius of the Equater; BG che Ra- 
ius of. a Parallel. in...the. Latitude EB and draw BC, . 
BD, BA; and AS indefinitely near to AB; alſo through 
any other Point M in the Meridian, draw . 
ſe& the Radius CE (continued but! if need be) in LI and 
to the Point B draw the Tangent BH. Laſtly, at the 
Equator E erect the Perpendiculat ER, in which let EQ 
be the Part of the Nautical Meridian correſpanding-tothe 
Natural Arch of Latitude EB. 
_ :248; Now put the'Nitural Arch MBA the corre. 
 pogding Nautical Line OQ=s; and C — 
gent of half the Ce- Latitude BD. Then 
mall Particle SBA PO A; and EN, the N | 
of che Ratio of CN to CL. Alſo let SK+beidrawn'paralz 
lel to BG, cutting AB in E. Then is 8B 8 Z, for 
| the Angles ABG 4 GBD=ABH+ABC=9g0®." büt be 
cauſe AC=CB, therefore ABC (RAC) GRAD, 
therefore” ABG=ZABH=AZX =6ZB;':thatis' SBZ= 
823, and conſequently'SB=SZ.": a Amins 56 Sith; moi! 
49. Then to find the Naatical'/ lan OO of ar 
Arch MB, we proceed thus; it has been — Os. 
| n 4 en 2 1 er- => 
| veg SN 


in e, 2 : Radius : 34 + ons — 5 
ES : dete ai the Meaſure or Lorin of 


Ge Rage. . to Rath, a5 4 Modal." (See Art, 20.) 


5 25580 Ege it fillaws; does Betas hs in the ume 
| Ratiowich their contemporary Fluxions; that the Nauti« 


— OT the Arch MB * Fluent of 4) is 
| | the 


22 ä i 
the ane e CN to CL (the men of 


Doe Mod 2 


— have ak that the Nautical Meridian Lins is hs 9 1 
with the Line of Artificial Tangente; ; or that the Table 
of Meridional Porte, is really a Table of Logarithms of the 
| Ratios of the Tangent: of the Half Complements of the Lati- 
| tudes (of any two, Parallels) to the Rady of OP ite 
Mops of this. Nautical Syſtem... 

31. If the Point M coincides nich E. then we haye the 
Nautical Magnitude of the Argh EB equal to EQ, which 
is the Logarithm of the Ratio of N to CE or Radius z 
and therefore, for any Arch, beginning at the Equator, the 
Nautical. Magnitude « or Meridjonal Parts will be the Loga-- 
rithm that meaſures; the Ratio of the a 7 n 


. 2 N Pat Arch to e angen 
n ample, ſuppoſe the Latitude 1 TI 5 the 


=DI ; and the Tangent „ the Ratiq 
of which to CE Radius is, eee oy 
Briggs Logarithms, thus found. 85 


rither wet eee e — 


- , a ig. 


Fea N or be the We Parts for . | 


h of 50% EB, in the Briggiun Syſtem.” 97 


3 53. In eyery Me of Lagetithnl tbe Moduteb are ty 


each” other as the Logarithms of the ſame Ratio (21.) - 
| then in Brig © Logatithms the Module is 
 0,434294482; er. and the Logarithm of the Ratio .of | 
PEK or CN ='3639702 to Radius CE=009900-. 

e oy I "TY tha of the ſame ario in 


. af : 


Tee Legerjthen: Res 48s 10,0000008 


2 
' * 
\ % 


D Eye 1 r 2 — 

* nn 2 * ** —— s oy 
CC ˙ A ae bs 

> < - wobtbae nid © - 2 - 

ten. 1 6 er Pe —— — 
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Wright's Table is o, 3474604; therefore ſay, | As 
| 94438934! * 043474604 f 9:434294-: 9,34377468 which 
Is therefore the Module of Wright $ e o rr N 
* Table of 1 Nautical Lititudes.” Ne nes Fx Kr 

In every Circle" there are 4669. g of . 
21806 Minutes; in the Radius of the Circle there are 
therefore 3437 K Minutes, which i is the very fame Num- 
ber as the Module of Wright's Sem; and therefore this 
Module conſiſts of Minutes of the Equator, which are 
therefore tobeconfidered as Logarithms (as well as Mi __ | 
of Lingitiude, upon a Courſe or Rhumb of 45 Degrees. 

5. For the MovvLE' is itſelf the Logarithm of ths 
A "Ratio, vir. of 1 to o 367879, Cel ( 30.) that i is, 
In the preſent Cafe; of the Ratio of the Tangent of 45*=r, 
to the Tangent So, 367870, Sc. which in the Table of 
Natural 'Tavgents ſtands” 0 20, 11" 43% the 
Double of which i 18 40?. 23. 26”, and this i is the Co 
Latitude 6 Hage. 30. which is therefore the Latitude 
mace on Salpg upon the Rhumb of 45. to gain a Lon- 
- itude = = =3437 7 7 Minutes 25). 17 44 Now in Mr; 
_ Wright's Table of Nautical Latitudes, againſt the Lati- 
- tude 49%. 36'. 34”. you find the very ſame Number of 
 Meridional Parts, viz. 34377468 for the Length of the 

rotraBed® Meridian” correſponding to that Latitude. 
Therefore the , in , the 3 i the Nentical 


| Pars agrecing 28 2 Latitude i 
56. Of this, we haye * 2. en D m ns 
from the Pringi ples of the Stereographic Projedtion z for let 

. EEC (Fig+-3:). be the 8th Part of the Globe ſo projetted 
in Plano; P the Pole; EC the Equator'z EP, PC, Meri- 
2 Ear on " 4 here baren inte 
2  bea Fah of Lati- | 
; tude 


JVC AA. Ef rn ed N 


8 


e of - Lucatiniinde. > 
"a cutting the Spiral in (c), through the ſame Point 4 


draw the Meridian PA; laſtly, draw the Meridian Pa in- 
definitely near to PA, and the Parallel SX to B; and 
there will be formed the indefinitely ſmall Triangle cd%% 


in which the Sides 24 and cd are equal; but e is to A 
at Co-ſine f | the. Latitude Ac 10 the Radius ef the 
Glabe;; therefore Aa is che Nautical Magnitude of ed, 


or of dc BS; therefore the Sum of all the Particles Aa; 


or the Arch EA, is the Nautical Magnitude of the Sum of 
all the Particles de, or the Latitude un which 
was to be ſhewn. (See 44, 45,0. 

57. Hence the Reaſon why, in the Sol! ution 55 all Cales ; 
of Mercator's SAILING, the Meaſures of the Sides of the 
| Nautical Triangle ace always expreſſed! in Minutes or 
Miles of the Equator; the Table of Meridional Parts, or 
en Logarithms, being the very ſame Thing; 


58. Having found the MopurE of Warchr's Sys- 5 


TI of Lo ARI THIS, we find the Logarithin of 10 
Wy of 10 to 1) thus; as Brigg s Module 0, 434294 to 1, 
his Logarithm of 103) ſo is #right's Module o, 343 77468 


to 0,791 5704, &e. which is therefore the Logarithm of 


' 20, in his Scale, As we have now inveſtigated the Na- 


ture and Genius of the Three principal Syſtems of Logar | 


_ rithms in Uſe, . we ſhall here place their reſpective 


\ | CharaReriftics in one View,! and i in * Order of N ; 


4 5 ke. were invented Wen We os 


1 N 3. Log of.1 

| Feat 3 e o, 3437 a Aces I 5705 
1 atural Legarſchms 1500000000 2, 30258509 
2 ad Common oga leak 0,43429448—1,00000000 


. 


3 I We concluda wis Theory of Wright's Logarithms 


dy ol ſerving one Particular more, viz. that his Nautica! 


Munidiun is the very ſame Thing as the Commun, Line of 


We Teh, 


of 
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” 
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3 

oats eee eee 


— oy 5 2 Pe On — os 


* — 
3 
8 


r 
. 


hw 


U 


"9 9 — C 
— "= r P 
n r ” 2 


; * 
5 8 x — + 8 5 — — 
os RR Og SOARING I prong; thoarr Or ARIES Fo RE er 


re a ds as a, in 


1 
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numbered 10, 20, 30, 40, &c, inſtead of 5, 10, 13, 203 


gcc. che Reaſon of which will be evident when we con- 


ſider that the Nautical Latitude of 107 is the Logarithm 
the Ratio of the Fangent of 4 to that of 40. And 


the Nautical Latitude of 200 is the 1 f the 


Ratio of che T angent of 45 to that of 35; and fo on, 
60. And here we ſhall find Brigge's Logarichm of the 
Tangent of 45 to that of 40, is in the ſame Ratio ta 


Wright's, as the Module of the Common Canon apa 


> 


Module of the Nautical Canon, or Meridjonal Parts. 


dor the com. L og. of the Tangent of 45? is ; 10,0000006 
From which take The Log, or of. . 9792 385 3 5 

0 T here nie ſay -- en eee p 

WE rung "y TY N 1 TY iT; 2 2 8 N yy 


But. we dare? 014342945 2 e en 1 5 esel 
o, 50 gõỹ /; Which is the Number anſwering to the 


Nautical Latituss of 10 Degrees in Mr. Wright's original 


Tape. And therefore, fully. proves the Nautical Merir 


ian Hine, and Line ane 1 a ng the 


8 * * 2 * 1 * 
3 ; 1 Je * 4 : 4 1 _ 
fame Thing. t N MY. 1 LS 1 . £1 W 11 1 e e 8 . 2 5 
1 fl * 8 c 7 : 
1 
- E 5 a 1 4 8 
1 8 £ , n N 7 1 2 5 
0 14 N 1 r „ ＋＋— n TS, " 1 of * 4 £2 N . 
£7 : 5 7 0 l % : 2 q F — 1 Re x 
* XL 1444 vas $2 44274 a Lg bY. Ä - * 133 k 2 »,169S; Re N = & ol - 
? * at. 8 x — 137 


* 3 5 1 , 1 Sh - : 3 N  Y $85: akin” 72/24 wn 
& - | : - 4 * 2 22 : . 0 | . 4 . 5 : * 65 2 * * 4 N 4 8 
« 7 8 J 5 — — . . UP" g 
CERES 4 Þ 4 * 3099 ©: 5 . a en . v. 939 3 £5 Aan 55 


WH, 7 Tp 3 * 


5 & 35) * 9 ee 3 e FLA 2 22 
of ibe Nautical Meni INE, py 3 


Scars; and MODULES of he Three | foregoing SYSTEMS, 
een vg Nautical VIA. 


1 Synomtig Ven of the whole: Dogge f . 


richms delineated; in which C is the center of the 


"Fart 88 A Quartet of 4 Great Circle divided into 


90 Bezrecs; 50 3s a Line of Natural Tamgents,' Aided 
\ FN, 7 AC is a" Line of Natur | ded - 


9 
bre of. Loc Anikin. 
1 In the Radius or Line CD, continyed out, take 
CE to CD as the Logarithm of 10 to the Module of the 
Syſtem (of any Sort ;) and make the Perpendicular EF 
i; then will the Line CE be the Logarithm of the 


Ratio of AC to EF, or of 10 to 13 and is always dividi ed 5 


into an indefinite Number of equal Parts, according. to 


the Module of the Syſtem. In our common Tables, this 


Number i is 1,0000000, &c. 

63, This Line CD continued out MENT, 15 is a Line 
of Nautical Latitudes, or Meridional Parts, which are Lo- 
garithms of the ſeveral Ratios of Radius AC to the Tan- 


gents of the half Co- latitudes; thus 24 10 18 the Loga- | 


rithm of the Ratio of AC, or DB to D 40; and C 20 is 
the Logarithm of the Ratio of DB to D 35; and ſo on. 


Therefore, if in the Points 10, 20, 30, 40, &c, there be 


erected Perpendiculars 4 20, 5 20, c 30, &c. equal to the 
8 D 40, D 35, D 30, Kc. to D 380 h then 
will the Points A, a, by c, d, 6, . Lo 67 & Ke. be * in the 
5 Logarithmetic Carve Ae HR 

64. Draw the Chord of 905. AD; that will be the 
Tangent of the Curve at A; and the Radius CD will 


be the Subtangent or Module of the Syſtem ; and De to 


DB is the Ratio Modularis. Alſo the Modular Rectangle 


(32) is here the Square ABCD, equal to to the N Area 


of the curvelineal Space HACT. 
65. Next to the Line of Meridional Porn ct, is placed 


as Line of Langitudes K L, which, upon Navigation 5 
Rules, is called he Line of equal Parts. By this, the De- 


grees and Minutes of Longitude anſwering any Latitude 


Lor Difference of Latitude, ) made by failing on 8 EP | 


AD=g5* is eaſily ſeen, and vice verſa, 


66. The Line MN is the common Scale of Artificial 


Tangenti, which was ſhewn to be the ſame, and ſimilarly 
n with the e Line vo Latitudes cl, but 9 numbered 
. 1. Na r 9 9 * 
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* * to 43425 In Line 6.0 Alſo 


0 8 


| _ BE 4 ew” and Conipenious 


Uifferettly ;* one Degree here being every where equal to 


tus there, which is thus demonſtrated ; upon the Center 


A (Fig. 2.) deſcribe the 4 Arch Ce, 'which cuts the Lines | 


* AN, AF in the Points a, 53 alſo with the Radius AN 


deſcribe the ſmall Arch Nez and let the Radius AC=r, | 


the Arch Crx, and ab=z; CN and NF = as 
before. Then becauſe, of ſimilar Triangles ACN, and 
Ne F, we have FN: Ne: : AN: AC; but it is Ne: ab 


:: AN: A AC; therefore, FN : ab:: AN- Ac; 


that is, 4: 8 2 r y: rr; conſequently, when CN 
the Tangent becomes CE the Radius, then y=r,* and 


; "FF 3 2 13 or, in that Caſe, 5=26. Again, the | 
| Fluxion ofthe Logarithm of any Tangent, 2 (by Y 


Article 20.) therefore when y=r=1, the ſaid Flaxion of 
the Logarithmic Tangent is 3, the ſante as the Fluxion, of 


the Natural Tangent, and equal to 233 but ==z, the 


| Fluxion of the Nautical Meridian Line at the Equator CT; . 


therefore, 3 12271 therefore, a Degree of Briggs O Fog | 


_ rithmic Tangents i is every where equal to two Degrees « of 


Wright's Nautical Meridian, at the ſame Latitude. Til 

67. The Line OP is the Nautical Scale or Syflem of L He- 6 
garithms,. by Mr. Watonr, conſiſting of Minutes of the 
Equator. The Module of this Syſtem is the Subtangent = 
Radius CD= 343774% in this Line, as is evident by In- 


| ſpection (53> 54.) And the Ratio of the Tangent of 

| 45*=10 SA to the Tangent of 1=EF, is 7915,704; 

in the common Canon that Ratio is 8 Moreover, 
Fond any Arch or Number of Degrees of Longitude in the 


Line KL, being applied to this Line, the Number of A. 


nutes or Miles of the Equator cantus therein, will in- 


kant . | 
68. The' Line QR is the Scale of Common Logarithms 
"by Mr, Briggs ; in which the Module is the Subtangent 


the 


Srerzu of LoGaRITHMs: 21 


the Logarithm of the Ratio of AC=10 to EF=r, is 
10000,000, &c, (40.) As the Radius AC may be con- 


_ © fidered as divided into 10,0000000, &. equal Parts, ſo the 


Logarithm of any Natural Number is found in this Scale 
by meaſuring of the Ordinate equal to it from the Point 
E. For Example, the Number 8301 in the Line AC. is 
equal to the Tangent of 40*; the ordinate repreſenting 
it is a10; then the Logurithan E 10, being applied in the 
Line QR, will be found 9238, 135, as you ſee it in the 
common Tables. So the Diſtance of the Ordinates equal 


to the Digits 2, 3, 4, &c. from E meaſured upon an 8 


will be found 3010 30 477 121 33 6020,600, e 
in the Table. 
69. The Line ST is the Scale of Natural 3 


Hnnediately reſulting. from the Logi/lic Curve itſelf, viz. 
AH. In this'Syſtem, we have ſhewn the Module or 


Subtangent CD=10,0003 and the Logarithm of AC to EF, 
or of 10 to 1, is 23025,851. (ſee; Art. 38.) And thus 
the Diſtance of any Ordinate 2, 3, 4, &c. taken from 


E, and meaſured on this Scale S T, will ſbe the Natura! 
| Ligarithm of that Number to be 6931,42; 1098641235 _ 
| 23802,943 3 3 . * Iu ene "ou . ones * 


ber. 


70. The ine vwi is add che Line of a 1 | 
eee by Mr. ED. Gun rx, and is therefore called | - 


Gunter Line, or, ſimply, the Gunter; it contains the 


Natural Numbers as they ſtand in the Scale of Propor- ” 


tionale between 10 and 1; ſome of it's remarkable Uſes 
we ſhall ſee hereafter; by which it will appear how eaſy 
it is to find the Logarithm of any propoſed Number in 
any one of the Three Sys TEM S (and vice verſa), and 


| "that: to-ſo conſiderable a Degree of Exactneſs, as will 


render them of no ſmall Uſe and Importance i in all the 


Branches of practical se and 61 of Navin. ip 
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"The Rationale of the PROCESSES. previouſly neceſſary to the 
© APPLICATION of LOGARITHMS in the various Co- 
PUTATIONS of e ene and TAIGONOMETRT. | 


ROM the dende &f Luigi it is eaſy to 
ſee they only indicate what Power * 10 FRY 
Dane Number is 3 nn N 


Os b. 2 6 3. ; f 4. 8. See. 
- Series 2 10. 100. 1000. 10000. 100000. „ 


the Logarithm 2 ſhews that 100 is the 2d Power of 103 
and 3 ſhews 1000 to be the 3d Power of 10; and ſo on 
in the reſt: Therefore, the Logarithms in the Table 
apainſt the Number 3 and 30, ſhew that 3=10%,977:41 | 
Power of 10; and that 30 10% in Power * 103 _ 
that. 3045=10% Power of 10. 

72. From hence the Nature of the Indices of dente 
appears; for the Index is that Part or Figure on the Lefc 
Hand ſeparated by a Dot or Comma from the reſt, and as 
it is the integral Part of the Logarithm, ſo it denotes the 
Number of Integers or Places of whole Numbers, leſs one, 
in the Number to which the Logarithm belongs; thus, 
if the Index be 3, it ſhews the Number has 4 Integers; 
the Index 2 ſhews the Number has 3 integral Places; and 
ſo on. And while there are any Integers in the Number, 


tte Index is ſaid to be poſitive; but negative, hen it be- 
longs to a Number, wholly a decimal Fruction. If the 


Decimal has no Cypher prefixed, the negative Index is. 9. 
. If it has one Cypher, the Index is . 8. if 2 Cyphers, the 
Index is ., and ſo on. But this will be beſt underſtood 
dy the following Table of Numbers, Logarithms, and 
their poſitive and negative Indices. Note, the „ 
| Tndices are dotted on each Side to 9 from 
| the — ones. | 


Number. 


| SyaTEM 3 23 


EPR Logarithms, Number, Logarithms. 
62060———4-792812 0.6206 9.792812 
6206 3.792812 0.06206 —— 8.792812 
Wh Bs A Tied; 0.006206—— ,7.792812 
* 1.792812 . .. 0.0006206 — . 6.79282 
6. 2060. 7928 12 e i eee 
73. It ſometimes 8 chat the Logarithm f a 
| aber which is not contained in the Table, may be re- 
quired, As ſuppoſe it required to find the Logarithm of 
the Number 5423758; this Number lies between the 
Numbers 5423700 and 5423800. Now then put this in- 


termediate Number 5423758 = m, and the next leſs 


$423700=n'; then we haye m 210847458; and 


mn 58. In the common Tables 4, 4342945 


5 and 24==9,0000046, &c.. which i is the Logarithm of che 


| Ratio of m to n (27. Fm or of the Number 1 0 


. 423700; ; therefore, | 


25 =» > 67347 | 


8 eee eee eee. eee 5 


74. There is a Method of finding this Logarithm by 


propertionu ! Parts in Sherwin's, and other large Tables, T 


wich Examples of the Operation ;'the'Reaſon of whith is 


| ealy to.conceive from Eig. 1. for therein let TN be 4 8 
: intermediate Number, and O. ML the adjacent ones; 


and let NT<=OQ=N:s, ML OO EMI, and ML— 


NTM. Alſo the Differences of the Lagarithms of 
theſe Numbers are AT -AQ=TOQ=Os, AL-AQ= BE... 
QE=Or, and AL—AT=TL=N 7. Now the Tri- 
' angles N, O and MyO' being finilar, give Mr Gr:: 
Ns: Os; that is, the Difference of the adjacent Numbers it 
lo the Difference of their Logarithms, at the Difference of th 
Interms ee to the * ** 5 
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at  - A New and Compendious 
their Logarithms, which Difference added to the Loga- 
Heim AQ,” gives the Logarithm AT required. | 
75. The Converſe of this finds the Number to any Loga- 
Fe * F eee for then we have Or: My:: Or: Ns; 
ich Difference Ns, added to the leſſer adjacent Number 
43 O2, gives' NT the intermediate Number required. 
This may alſo be found as above (73. ) by putting the 
| _ eee of is NT, viz. Qi or gen ene 


U 


bk ee Fa 2 
fore, * 1 I or — which added to OQ 6 
. n 


: gives NT, the Number ſought. In the. Example above 
 £590000046;; t=0,4342945 z m=LM=5423800 and 
_n=OQ=5423700 ; whence Ns=x=58, which gives 
TN 5423758, the Number nen of the ym; Lo- 
garithm. AT =6,7343003-. 00 * . 7 

W__ In ſuch N 1 . \ have : a 3 

rithm, to ſubduct from arthther, you, add, it's drithmetical 

1 Complement to that other Logarithm, and. the Reſult i is the 

Be "3 1 3 Bos This Arithmetical Complement. is the Difference 

between any Logarithm and neee er 

eee en Faber Me l ee aw. 

Are, the: Logarithm. | e S1. sg 09938996 

5 eee of 526 2701593 


© Remains the india pine 6 _ 79875 
| To which add the Logarithm « of 20 455 ; 1.3010300 | 
7, 434 . OP, 3 
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guiſh them from the other. But in. chis Caſe, wal In- 
dices muſt be-confidered as really zegative, and being to be 
| added, ſubtracted, &c. with thoſe which are poſitive, wil! 
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the Advancement of Netural PII OSO HV | 

han the Invention of Logazithms, An Inftance of this 

we ſhall give in the Uſe of the Logiftic Curve for duly re- 

- ' praſenting the Juantiiy of Air, aboue any given Height 
" from: the Surfape of the Earth; and its Denſity at that 
Meitznt; and from thence the Method of meaſuring "the 

Height: I! codon, Towers. N. * wy naturally 
. ded 


rd. 
"214+ It is AT Et I * el that the 3 


at is, to the Weight or Quantity of the ſuper-incumbent 
.. Atmoſphere. $6 that 8 TNA. I.) be a Pert of the 
Feartk's Surface.” then the Dent of the Air at the 
Kerb T, and at any Heights O, 8, A, above it, will be 
dlicectiy as the Quantity af Air, or it's Weight, at, or 
above the Points T, Q, 8, A. But the indefinite Areas | 


" WNTY: WORX, WPSY; WAA V. ue have. ſhewn 


. arg, as the terminating Ordinate IN. OO, 85, 

Ab in the Logiſtic Curve: | Therefore: it is plein, = 5 
2 will. repreſent the Quantities.) of Air above the = 
Points: J, Q,S; A; apd: the Denficies:of the Air at thoſe 
Points will be as the I 1555 . 1. Ah, re. 
ſpectivcly. „ gk 


pf | 112. Hence in follows, 1 Aceh Kitt des bs Ar 


þ Th TG, TE, TC, TA, &e, be taken in Arithneſical 


f - 
N 8 9 > PO Pr L 
* . i "Fs" ? FF. 1 j 4 
: * 5 : yt . ow c : y 


r TRIO 7 
 Progreſhn, then the Dedfities of the Air t Reigen 
| IK, GH, EF, CD, AB, &c. will be a Series in Geometri- 
cal Proportion, decraaking;; ; and the Differences of the 
Altitudes 18, IE, &c. will be as the Logarithms of the 
Denſity at 1 to the Denſity at G, E, &c. fee Chap. II. 
- 113: Furthermore, it has been ſhewn (32,) That the 
. Reftangle TNRS upon the tefminating. Ordinate TN, 
and Subtangent | TS, is equal to the indefinite Ares 


WNTY of the Curve above it; - and conſequently. if all 


the Air above the Surface of the Earth were reducail into 
an Atmoſphere every, where uniformly denſe {like Water,) 
then all that is incumbent upon TN would be reduced 
"Hes the ReFangle TNRS ; and the Height of fuch an uni- 

5 formiy « denſe Atmoſphere would be the Subtangent TS. 
114. And becauſe TS is the Module of the 
| bs Syſtem; of Logarithms TQ, TS, &c: therefore, if we find_ 
_ by ar "Means the Denſity of the Air at the Earth's Sur- 
face F, and at any Height T Q above jt, we Mall Have 
the Legwithm 10. of the Ratio of theſe Denſities; and 
| ronſequrinly, can find che Height TS of the uniforinly 
denſe Atmoſphere! by this Analogy, viz. As. the Logarithm. 
"70: is to the RO TS, n vn by Ute the "wed 
728 78. * WS. 2 as 


116. The Heights of the Quickſilver i in the 1 k 


es is well Known; are the Effects of the Air's Weight. 

Preſſure; and are therefore always as the Denfities the! 
no it is known, vy Experiments, that when the Mer- 
. 30 Inches bigd on the Surface of the Earth; it will 


ink 170 of an Inch at the Height of 9y Feet above B. 


_ , - Hence the Denſities will. be 46 30 t 29,9 "apa 


Jen 3o-—Log, of 29:9 =Loguithm of 32 2 1 3 
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33 _ ANew and Comp adious. - 
the Height of the uniform Aumoſphere required, which 
is 5 Miles. 
116. Again, Err 0 on hs * of a | Mountain you | 
8 obſerved. the Height of the Mercury to be 25 Inches, 
1 7 when it ſtands at 30 at the Foot of the Mountain; ; Query 


e Height Te anſwer this, the. Logarithi of == 


1 


| —_— ; therefor Lan ;=agons 


Logar. of 3 == =0,079181/ * 97 : 5 . Mile. 

| 37 Feet, 115 Height of the Mountain: required, | . 
1 Fot a Second EXAMPLE of the Ude of 74 
garithms 1 in Natural PR LLOSOPHY,, let it be required _— - 

find the Number of Turns 4N) of the Winch of an 
Aix Pour to ratify, the Air, R. Times in a Receiver, 

- whoſe Capacity i is to that of the Barrel of the Pump as { 028 3 
de . Fo this End it muſt be conſidered, that be na- 

tural Rarity. of the Air i in, the Receiver i is as C, and bes 

T cauſe "ry the firſt Turnof the Winch. i it will fill the Re- 

| ceiver and Barrel both, the Rarity | will then be as C+1; "ry 
* and therefore by. one Turn! it will be rarified i in the Rais. 


5 of th Space C to the Space C-+1 3 ; or of 1 hes. 


| 118. "Now this will be, the.conflant Ratio of it's MI 
| Schon by every Turn of the Winch; therefore in x, 4. 


13 5 13 5 

; 3» 45 + T. 2 — N Turns, = N 8 . 

mike the gmail Sri 1: 4 — 
. 1 N tak * 1 ny 51 


FE 1 N 


FE * 5 then hy the 2 of. Logos t 9: Ys we 
| have, the den 8 


— 


"Top: THi—Log . 


Srsrzu of Lo non. » 


Therefore ſuppoſe R =1000, and C=20; ; then bels, of 


Ring, aþd Log. of 25 = =0,021189 3; and 0 N= | 2 VS 5 | 
F 211 
22141 ! che Nuiaber of Firms! for rarifying the $ Lace 


Times, in a -Reciph ent 20  Titnes as big as the Barrel of 


3. : 
t 2 891 n 5 
the Pump. een 25 . R 'O 
3 FI 2 
. Hh 2 | \ ( , 4 8 0 f mr 11 7 . £4 * : 7 ** a, Ls n 3 Y 
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1 8031 what * been N 5 


1 general Nature of Logarithmg, in, the 9 
Ce it appears that all? Yun bers may te : conſidered. | 
as Terms of a numerical! Series i in geometrical Progreſſion, x 
of which Unity (x) is "the krſt Term; and the Loge- | 
”_— in "any Syſtem are Kher Exponents,. or ſbew the | 
Places i int the Series from Unity, in which they Rand a "0 
_ cotdjng to the Number of thoſe Terms into which the . 
whole Ratio of 10 to 1 is divided, and which | Number 3 = 15 
called t the Logarithm of 10 in each Syſtem, © ee ee 
1 120. "Hence, if we ſuppoſe the ſaid Ratio of: 10 to 1 0 8 
5 be divided into 2,3025851, or 10000000, or 7915708. 5 
equal Paris, then the Places of the 9 Digits will be indi- . 
cated by their Logarithms in each reſpective Syſtem, 2 FF 
in the following Table; where, i in the firſt Syſtem of Na- | 
| ; 9 Logarithms, the Number 3 holds the. 203861234 
( | Place from Unity. In Briggi s Syſtem, it is in the 
3 - 4791213th Place ; and: in Wright's Scale it 9 8 in the 
ere e fs . * the Belk,” 5 
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; e bw | " e eee. 72 8086806 

. ba 10300 9,2382866] . 
„ eee 225 — | 
Jo 9. 24 1-386294340.60zo6000i47557 33] - 1 


5 1.094379, 6989 00.532838 
6 1.791759410-7781513 0.015974] 
2 Þ:945910iþÞ. 8450980 0.6689548 1 
9 
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E. 1972241. 95424230. 55355 %% 
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121. An thay bs eontalcie; in the: Four 1 of this 


Table is eriagnaiy the fame an is proita ccc in the Four 
Lines VW, ST, QR, and/OP 4. fo | 


n in the firſt are con- 
tained the natural Numbers as they ſtand in che Scale of 
Pn 1 and Jo: and; in the other. Thre 


Alive - 1 
Na 05 ty, and to. each other. oy 5 2 
Number z x in Fo Line VW. there correſponds the * 
Logarithm 10986 f in the Scale ST; Briggs 8 Log arithm 
2 in QR; and eee 37 551 
and ſo 88 5 Dy 
122. Hence i it a "hat T 
11 oF THE pe ane Fall 275 105 Nin y 


5 
i = 


Nani 28 


75 


. raue ; and, in the Opinion of the great! F. ("pig | 


'DERSON, it, is hs beſt Inſfrument we have for exhibiting 
"a conve\ ing dess of Ratios i in all their Modiicatic * 
ben this ine is twice! N » properly divided, 


| "i 3 or 175 in Length, it will anſwer the, End of'a 


Tae of 'Logarithms, where, best aQneſs is not 
T Or Rate Mons tho: Sorts, PONY No 1 | 
Ps A Logiſtic Ratio is that of the Diſtance of an 
Number from VUniry (1) in the Scale of Proportionals ; ; 6 


thus, the Ratio of 2 to r is the Diſturice VII in the 


Gunter, and the Ruther COT is FRO 5 33 and 
r ſo 


0 1 SE: 


54 ö t 
as 


* 


1 4 
4 


s Srs TEM of /LogGarITHMs. © 4 
bed Allo the Ratio of 3 to 2 is the Diſtance between 
V3 and V2, ot between 3 and 2 in the Gunter; and thus 

it appears that the r Ratio of any one Number to ano- 
ther is the Difference uf their Logarithms ; and is itſelf a Lo- 
1 This Ratio is thus expteſſed A: B, C: D, &c. 

124. The Numerical Ratis is that which expreſſes the 
13 of Magnitude which one Number has to another; 
and is the Quotient ariſing from a Diviſion of the two 
Terms or 8 85 A and B, which is therefore thus 
expreſſed . r £ ** thus ſuppoſe AH dl B=2, then 
221,5 5 is the Ratio of the Magnitude of 3 to 25 
viz. the Ratio of 14 to 1. And 32, 666 which ſhews 
the Ratio of 2 to 3 is that of 1 10 1, of 1 tO s e or 
e nearly as 1 to 2; 

126. It is evident from what has been Gaid, that the Lo- 
kuli Ratio (L) is the Logarithm os te Nuwerical Ratio 


0; ; for it bas been ſhewn chat L. = EL. 1 25 -Þ. B = 


1 N. Aud thus in- che Gunter vw. if you take FY 
Diſtance between 3 and 2 in your Compaſſes, and be 
one Foot in 1, the other will reach to Were _ Ratio 


me Magnitude of 3 9 2. ob S 


1261. Hence it. is eafy to bop Ratins of Magnitude / 


4 with each other; thus we ſes in che Gunter, the Ratio of 
. gto2 being greater than that of 4 to 3, ſhews that 3 has 


greater Magnitude ops with 2 than 4 has com- 


pated with 3, that is, f is greater than 3. Thus alſo 


5 you compare ſeparate. of diſcontinued Ratios,” as thoſe of 
| 10 and 33 for ſet © one Foot of the Compaſſes in 7 and ex- 
Bp 


nd the other to 5, then apply that extent from 3 towards 
25 and as it falls hort of 23 it ſhews bat has leſs Mag- 


| nitude compared 10 5, than 2 has to 2; and that extent 


will alſo reach from to 1745 and therefore * that 1 
Hort Sin the * of I5 to 14. 117 


8 4 5 5 Bs DS 127. On is 


\ 


> Ns New and Compendious | , 
1827. On the Contrary, by inverting the Terms of the 
Numerical Ratios, we find the Ratio of 3 to f as 14 to 
153 or that 2 has lefs Magnitude compared with 3, than 
5 has compared with 7, in the Ratio of 14 to 15. 
1128. Hence alſo the ComeosrTion or ADDIT.ION: of 
Ratios will be very facile; for let it be required to add the 
- Ratiosof B to A and D Ee Erg e ere 


wy thys, 25 and i it is Frag vide ent 1 Sum of the L. | 


Bob La ons Is 51421 - that 


: is, the 15 0. and 3 the Sum of the | tuo Rand- 


of B te A and of D to C, is that of BD te AC. Thus 
the Sum of three Ratios B to A, D to C, F to E, wilt 
be BDF to e and ſo on for 4 n . e 


Ratios. 8 4 8 5 


129. In continued "Oy or che Shows ti a en 


Term in one is the Antecedent of the next, as in theſe - 


A to B, B to C, C to D, D to E, &e. the Sum of all 


will be the Ratio of ABCD to BCE, or only of A to 


Ez the intermediate Terms BCD being found on each 
Side of the compound Ratio, make no Alteration. Thus 


the Sum of the Ratios 2 to 3m, 3 to 4. 4 to 5, is only that : 


df 2 to 5, . ptr e e of the 
Line VW. r 2 


130. The en or eee 6 We 


4s by a (onlizaryBrocets thus to ſubduct the Ratio of 
3 8 the Ratio of B to A,” we bave the | 


F GL 5553 and 


885 3 2 Remainder is the. Ruti6 of BC to AD. 


Hence it appears that to ſubtra? a Ratio: lathe | 


ching as to add it with the 9 ze. e Uhr 


2 1 ©. «HS ae, * 1 


. 


4 
— 


. SYSTEM: of Los Anis. 43 
231. The Mur TiPLICATION: of a. Ratio AtoBis to 


add it to itſelf as often as there are Units in the Multiplier; 
thus the 1 wo A to B 3 8 is added twice, 


ED 3 is the Mr of = to _— Thus the ſame Ra 


tio multiplied by 3 is that of A* to B; ſo that to multiply 


2 Ratio is only to involve it to 4 « give Power, : as the Square, ; 
- Cube, &c. iT ok 8 


132. On the thier Hand the Division of a A8 is 
only to extract its Square, Cube, &c. Root; thus to 
divide the * A to B by 2, it . de e re pe I 


; Sur, f =; then L.= 


q which divided by 2, gives L. 21 5 and conſe- 


1 
quently the Nullen is the Roge wt, g or the Ratio e 


| ABI thus the-Rutio, of A to B divided by 3, or 
wruiſeciad, is that of A to B3, and fo on for others. 
133. Theſe Operations are all exemplified, as it were 
by Sight, in the Line VW; for double the Diſtance 
Va is = V4, and triple the * =VS, the Square and 


Cube of 2. Alſo 4 :Vg=V3, the Square Root; and 


ö ſhewing 2 is the Cube Root of 31 and 


4 


: 134. The Tins « A to oBi is ; aid t to * An, when 
N me Terms A and B increaſe or decreaſe together, and in 
an equal Degree; ſuch a Ratio gs 50 be denoted thus, A 3 


| Ay but uſually thus, A: B. 


| "Chae; But if A increaſes. or Jed while B propor- 
tionally decreaſes or increaſes, then the Ratio of A to B 
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| goin, if A: BY; chen A: — - 


136. Wben any: Quantir A i ec adopt yo 7 


of another B, "then it is thus expreſed A; 8 but more 
x "fs e ; 3 5 


commonly and clegantly now, 4 ** 5 ; for fince the 


dire®? Ratio of A to BB is A: B- or A: 5 bo the in. 
verſe Ratio being juſt the contrary, eg have we. 
er negative Index of the Pomer 2. 


237+ For the ſame Reaſon 1 A de as the Squate Root 


{1b 


of B, it is thus. expreſſed A: v1 B. or now. more commo- | 


dioully 1 in this Form A: BY But if the Ratio of A * 


inverſely. 25 the Square R Root of B, that is, if A: VE, | 
[then i it is wrote A: R * | 


1381 When A“ is di * as B?, then * Su or 41 is : 


4 aid to be i In 4 Hſeuiplicate Ratio to B and een 
a . wrote thus, A: 3. B. | 


„In the Compariſon Riches e or | Ts 


gy -A of 2 tis cuſtomary to denote ſuch 
Powers by 8 


Then if the Ratio be AF: Bez k vill be 45 . 3 


0 eee feh- A . | 


* £ 
= n 
1 ly EA 


: * a E=, then 1 we Wh A: BY 7 | becauſe B=i 15 or 


88 kene, 1 4 ** . 
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And if 4˙ 52 then A: Bones Suppoſe, An; þ.. 2 1 


ey AY: laſtly, let AP ee 


_ * 4 


1 0 thus you race „ forming compound 
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Ladices in all other Caſes; to know which will be eK 


tremely neceſfary for the Student i in the . FPurro- | 


e n A b. X. 


Anme. 


1 ; 


bundantly appear, that every thing en con- 
cerns jw Meaſures of Ratios muſt have it's F oundation i in 
the Doctrine of LogarrTHms ; and conſequently 28 Mr. 


Cotes in his Harmonia Ae has invented a new 
and elegant Method of finding the Fluents of given Flux- © 
ions, by reducing them to Ratios, and taking their Mea- 
ſures from a Table of Logarithma, or the trigonome- = 
trical Carion' for circular Arches, it may be proper 


here ta explain. the Principles on which. his: Method is 
Founded. 


101. Forthis Purpoſe his Notation of a Ratio. ſome» | 
what different from the common F orm. In the e es | 


Equation rx 2 5 4 (49) he negleQs the Meaſure a 


„8 ol and the. Meafure' of char Ratio 3 in the 2 * err 


e 
1 « Module (') ; is the Fluent of the Fluxion = 
* 95 + e e 7 . 
82 


| The 1 of the Coteſian Sarge 3 
and applied io the finding of FLUENTS by the — f 


140. FROM all that has kitherts been Gaia, * . 7 11 8 


N 


| conſider only ira edel rx 2, which he transforms into | 


f this Notation . and calls it the Meaſure of the Ratio : | | 


| 1 in dhe Scale of Lagarithais whoſe Module is the 
Radius ( r) of the Circle. AE the Ratio itſelf is + 
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F 46 1 N 4 New and Compendious 


142. Mr. Corxs's general Formula is R L. 0 the | 
Ls: 8. T, denoting the Ratio or 5 by the 


- Meaſure of which the Fluent of 2 Fluxion is to be exhi- 
bited. When R is the Square Root of an affirmative 


Quantity, then they expreſs. a Ratio, viz. the Ratio of 


RA T to 8; but if R be the Square Root of a negative 


Quantity; they denote an Angle, which Angle is always 


_ that whoſe Tangent and Secant are to the Radius as T and 


S to R; che negative Quantity being converted into a 


- poſitive one by changing the Sign. 


143. Whence it is manifeſt that a Fluent his 1e „ Falur, 
viz, one Logometrical, conſiſting in the Meaſure of a Ratio ; 
and the other Trigonometrical, being the Arch of a Circle 
of the modular Radius. To make this Matter of a two-fold 
Expreſſion of the F luent evident, let us conſider the | 
e ad Modulum x 34 this Ratio, is com- 
| pounded of the two imple Ratios FAB! to. 1, and 1 to 


7. the Fluxion of the firſt i T- and of the laſt ; 


ils „Fern and the nt] both theſ 
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TR to the Module . 1 


144. But to bring this 9 into a en 1 


2 the n encreaſed to 2 R; then 4 {Rx 


* 1 * 26 which i is now the Fluxion of the 


| fs ** _ 


SysTEM —— 2 1775 
ſs; And becauſe it is TR: S: 282 TR, there- 
fore T*—R*=S*; and bo — = + = op — „ Which - 
is the Fluxion of the Ratio i in * . Form. 
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TS the Subtangent 024 &c.)/ Hence I Es ” 
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Scale. | 
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(the Ratio of LM: to QO' or TR to TR) will be 
double the Line TL, which is the Ratio of TIR to 8s. 
We have ſeen the F luxion of QL i in the-natural Scale ig 


E 645). And in we Syſtem where the Module 


185 IR, that Plaste 1 25 — 2 3- and 


ql the Flent or Logarithm QL will be varied in e 7 
Ratio of the Modules, viz. of 1 to f R.- 1 
149. But if the Fluent of that Fluxion melt 55 the 
„„ a | | Meaſure 


"7 * 
| 
* 8 
9 
1 
T .Q 
7 
14 : 
I 7 
1 
1 
1 
1 
1 
1 
* 5 
1 + hy 
= 1 4 
bi 4 
1 ** 
Boy 7. 
& F 
© -: 
80 
15 
+38? 1 
N 0 
1 
6A * 
e 
gd 
7 
. 
5 
1 
= 
I 
8 
1 
7 2 
1 
1 
4 
+Fi8 
33 
OE 
* 
> - 
1 
8 
% * 
3 
1 
as © = 
© 3} 
35% 
| rs 1 
1 
15 
7 4 
Fe d 
WL : 
4 
117 
A 
"rg i 
„ 
2 
2 
* 9 
1 
1 
iin 
2 
12 
2337 
11 
* 
* 
5 
10 17 
25 
a 7d 
2 id 
2 
1 
"of 
& - VS. 
. 
' 7 
1 
4 n 
i (5 
\ 
1 
* 
aww” 
*4 4 
u 1 
wh 
LR 
bw. 7 
1 
KF) 
3 
1 
x 
I. 
Wok 
* 
1 
2 
1 
* 
Es 
\ 
4 
x $4 
T2 
* 4 
WS 
G- 24 
m3 
1 


* U 
Fer 
; -, 8 * . 
Gs is SO I EEE JPN 02 8 
5 wr a X 4 —_—_—— 
.% & 


EIA bd 2 
EM Gone Io SERy- 


* — —— — uf 
— - 3 1 * r 
. 3 an 2g ts ot 


— ac 
ACS 


1 
bo 


rr 
— ou 
6 


3 


an "4 


S bony) — 


Mee f but half pſa Baths QL, that is, if TIL. muſt 
equal QL, or be doubled, then ſo muſt the Module 18 
4=xz RY likewiſe ; therefore the F luent TL will be the 


Meaſure of the Ratio joke to the Module R; ſo that 


At Kft we have - found that the Fluxion of the Rac 
-R 5 RIS © . = | 


ay | 
. 50. We « are next | to ſhew, chat this re ion 
0 20 has alſo for its Fluent the 


Arch of a Cirele, hot Radius is the Module R; 
for (in Fig. 2.) let Ca be the Arch of a Circle or 
Meaſure of the Angle C A @ whoſe Radius, Tan- 
gent and Secant are AC, CN, AN denoted by R, T, 
- and g reſpectively. Then it bas been ſnewn (66) that 
FENG): a AN? :AC “S* RIU conſequently 


| 4 ab=I=0 the Fluxion of the Arch pigs the fame as 


„ EA 77 FORE EEE | * 2” 


9 * 5 1 is nn that every een this 
| Form, and all others which depend upon it, will have a 
F luent of two different Values, viz. one Logometrical, con- 
fiſting i in the Meaſure of a Ratio; and * other Trigona- 
metrical; in the firſt, the Symbols R, T, and 8, are 

only the Terms of à Ratio; in the latter they expreſs 
the Relation of the Radius, Tangent, and Secant, of. an 

; "abi only, whoſe Meaſure is the Fluent ſought, Men 
zepte to the proper Module. e 
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Briggs Scale or m „ Therefore E i 


2.302585 l. or making N kee. (0 v . 
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=R xN, the Formule requizeds” confiling. of known 
Quantities R, N, I. . __ 
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9 


| 9. 1 =1; and ſo Ta is the Ratio of 8 to 23 or 


ute S 25 ar 


| we ee, of «key but when K 7 
=7, or 9 -or e n N 2: Exprefion, | 


#1, 7 nolztogur; 15 181 2 Y r. $5 . 
5 * y ” 
1 A 9 * FRED. H | | | ' 5 Ss 
T 4 IT 172 3 9 2 5 5 3 x 438 Ef EF 
; nn ae 


mw / 9 ED \ 


\\ 


oY 9 —_ 
<< 2 &. 4 


* 
— "IT . g — wh 
MES Zara dE are er ad 


5 os OI 2 d. 


2 at ® ad mics I 
. ne, 


n 
4 ——-—— — 


. 


1 Ig. Py 
„ ee 
L R=1» — 


154 
1. 
F 


— 
1 FN, 


"F 
9 * 
4” 
4 
1 
% 474 
2182 
5 | 
* 
5 
BY 
£4 
4.3% 
75 o 
1 
xt 
= 
a 
X. 
17 
» 
FM 
F "35 
1 
2 
1 
"Df 
— 41 
* K 
"1% 
he 
"2 
* 
wt 
N72 
15 
Ss] 
dN 
94 
5 
y 
he *. 
4 2 
7 
7 
I'S 
5 
* 

ſ "4 
07s, (/ 
* 
= 4 
1 

- 
2 
fo 
1 
* 
1 
N 
+ 
$: 
* 
ö 2 
V 
F LH 
4 
8 


— Fw 
a Ry 


= 


3% 1 de aid Compenidions. | 
it's sien muſt be changed, and then it will be poſlible, 
and the Fluent will be the Meofurt of an Angle to x given 


D Radius. Thus, if +R= Sy 4 by changing t the Signs 
4 on both Sides we have FR=VF7 6% and therefore R- 
e. Therefore the Logometric Expreſſion T *— R*—$? 

becomes (in that Cafe) T. R. S*. And the Fluent 


10 now be R LA the Meaſure of an Angle, * c 


| 4 the Radius R, Tangent T, and Secant 8. | 
1575 Mr. Corzs uſed ſometimes to expreſs this TY 


nometric Fluent thus; R (Js to-diftinguiſh. it, from 


the other: As there was. à Ratio Medularis Tank in 
' Logiſtical Meaſures; ſo ines 3 is an Angulus Modularis in 
the trigenametric. ones. And this Modular Angle. is that 
whoſe' Meaſure, or Arch A, is equal to Radius, and i is 
thus found; as the Circumference of 4 Circle 3,141 59, 
Neo. is to the Diameter 15 fo i is 180 Degrees to 579. "= I 
| 44 A, the Modular Angle in circular Meaſures. -- 
5 158. As the Meaſure of an Angle is always ee 
| mene to the Radius, the Radius will be the Module of 
the Tyigenometrical Canon, and putting the Radius S 1, 
we find the Length of any other Arch 8 by this Ana- 
logy' 3, a8 52957795, Kc. (A) is t Radius, fo 


3 is — — Arch G, to Ke the Leogih or Meaſure of 


by 
a G d Geclmik Parts of ay Rüdius. Put ** 


0. 01745329, Kc. n, then the : trigmometrical Meaſure of 3 
any Angle G will be G, when RS1 3, but in all other (- 6 2 
Caſes, chat Meafure will be RG. 5 0 
159. Having thus inveſtigated the ies of Ratic 
and Angles, we ſhall next ſhew how Fluents of, Fluxions 
* e e 1 way P? uſeful Propoſitions in 
e | 5 - Geometer 


TRE of LocAnyriis. | 41 

Geometry receive the moſt ſimple and elegant Solutions 

- 1 from thence, Let it be required; for Example, to//quare 
e Circle: in order. to this, let ACa be the Sector 
| (Fig. . J, whoſe Arch aC=30? 8. The Fluxion of. 


this Arch i is 3 (x 30.) this multiplied by 1 Ry 5 


. 2 e ths the knall Seller Nah, which is the | 


| Fluxiont of che beblor AC. "Bad the Fluent of N. . 


. F Tx. 


Meaſure vf the he C RGB therefore K. i 
be the Area Co” Sector of 3 to the Radius E. 44. a2 
Module! , N j 0 
160. If Ne, then NGT N | 
_ 63523598; Kc. and ſo G , 26179 the Area of the 
| b. required. Then becauſe 12 * 30 60. we have 
261799% 13 = 3,1419206, &e. the Ares of a Circle 
z whole Radius I, or Diameter * 2. W 
1651. Mr. Corrs has given us a Table of 1 
eb Fluxi6ns and their Fluetits, with which if other 
analogous Wasen are e their Fluents ay de 


bl 


7 * th Sl 
readily found. His fir Formula is a , the Then 3 
Fi of which (whend=1) 2. 4 This "Truth te. 
which will ius appear; e S | »then; you 
have the Fluxions on ent. Side eee, and 
5 = EA 6 x 422 D 77” 
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463. Wem 5 8 = R iSGC imple. \then- 8 =R* 
R will be*poffible, and tHe Piven will then be the ealute 
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ES of an Angle G, whoſe Radios," Tangent,” aud Secant, Atte 
- "as ö R. T,: and S, eſpeAively, but whoſe Module (or true 5 


Ae) B- iR, and therefore in Meaſure or the real 


* of 411 37} » 2 bo 1 54 14 2 434 


95 . Fluent 1 1 G. But when fer then & 


* ' > 8 
©, CEP 3 22 3160) 4 213.7 % pps TITS . 
1 R* 2 e, and ſince „ the Fluent | is then barely f 


8 3 At 3M 
. . . given Tables of 18 of theſe 
5 Ruxiondry Furmulas, with the Method of continuing 
„ them ad infinizum. A Specimen of the Manner in which 
"IT theſe Forms are applied to. uſe we ſhall: give in the Pro- 
blem of ſquaring the Afymptetic Space A B E F (Fig. 6.) of 
ub Refiangular-Hyperbola GBH, whoſe Power AC DB 
"=1, the, 8 quare of CA 1=a; let . EF , and ; 
1 Fa. benz from, the Nature of the Curve; it is 5 


1 n K. 


; "00 1 117 e | and therefore the Flux- 
. + | 4 ans | 7 . 8 ; , ; #* 
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165. "Now this Fhuxiver is fimilar to the Flt Firm or 
3 422 


the Tables, viz — 75 , as will appear by parring | 


FI zx, d=r, l, e=a, r, for then it be- 
Lomes the fame. In the firſt eh therefore, againſt 


[an : 'E I 71 1 85 44 ; 3% ob 
r, yu haue the Fl i, ax 
. — ee b 
AC F 


ad 2*]] * fre 2, (153) de eee 


of Area ABEF, a8 required. 0 h ic Gef. 
166. From hence it enen has tbe hid Space. is 
"oh -natural Logarithm of 14x to the Modulus-ACDB 
5 whence if K =I then CF. =1 +x==2 j| and the 
_ hyperbolic Space. ABEF i is N. I=0,69 31472 (ſee Art, 120) 
Again, let AL=2 or CL=3, then the Area ABML 
| will erptefs the Ratio of OL to AC, or of 3:46 13 and 
ill therefore? be the'nathral -1 Logarithm of 
2 And it 1s on this Account that ale date e natu- 
Fal Logarithms have deen . called fer bela 
Lakeriſ . et eee eee en een 
"OT Bar che Edgatictins bf ecke e a are as 
much hyperbolittl'as theſe; for if the Power KCDB! of 


the Hyper bola be a Square or Rectangle = o, 434294, &c. 
' +, then the Areas ABEF, and*ABML will be the Briggian 


... Logarithms o of 2 and 3 in the common Canon ; and they 
will be the Logarithms of the ſame Numbers in Wright's” 
Syſtem, if the Module ADB be = 0.343775) * 
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| = my pkg organ feud New GviDE, as "8 
was aſſigned for doing the ſame by my TREATISE . of 9 
BB Locarrims, viz. the conſtant Demand for it ver bl 
| fis it bas been out of Print; and the many Improve- „ 
ments that haue been made in this Science, 45 the firſt He 
| Publication of this Work, which is now near forty - 1 
: Years ago. 3252233; TD. bit 
But as the Nature and Principles of all Sciences ever * 
p 1 tontinue the ſame, the Improvements in each are chiefly to - 
£ be expefied from tht MoDes, or different METHODS 4 | 1 
ö NN thoſe Principles, and of applying them to the 1 
A | 5 - Ai. 
| 275% 50 Compilation of this Wort, I followed the 1 
. common Routine of Mriteri on this Subjef? in a tedious I 
. and prolix Demonſtration 4 numerous THEOREMS and ij 
„ PROBLEMS relative to Plain and Spherical TRIO W | 
— 2 
Path to ibis Field of Knowledge ſo fliraight, fo broad, fo 9 
y plain, and fo i” 1 wat diſcovered in the | ; 
0 "THEOREMS of the learned MAUPERTU1s; and have here 
4 diſcle ed, elucidated, and applied to both Plain and Sphe- , * 
0 rial Triangles in various Analogies deduced from the 
0 Theorems ſerving to the Solution 4 every poſſible Cafe. 1M 
By theſe fue Theorems here, I have demonſtrated more, | P 
oF and much more clearly, than I have done in forty before; . 
M and this affords a very great Saving both in regard to the | | j 
Expence of Letter-Freſs and Copper-Plate Print; for | iſ 
6 all the fue Theorems are here derived from one Figure 9 
6 only, but many were neceſſary in my former Method ; here i | 
the whole is tranſatted in twelve Pages, which empleyed a =_ 
9 great Number there. Here nothing but a CO ARI SW "8 
6 of-two ſimilar Triangles, and the SUM and DIFFERENCE _— 
| *, of two given Lines, are concerned in the demonſtrative _ 
Part; whereas in the former Wark, all the ELEMENTS {8 
of Plain and Spherical GeoMETRY were barely ſufficient = 
for the Purpoſe. . 8 | $59 "+ | 116 
Aſter having formed and tabulated all Analogies, I pro- „ | i 
ceed is illuſtrate the general Rationale of Solution in all ö { 
f | | 
i 2 | 
d \ 8 | 75 


- of LoGariThms, , - . 
ut though this might ſuffice for the intolligent Young 


r P16 AE ac: 

the Variety of Caſes bot Plain and Spherical Ter- 
ANGLES ' by. proper Examples of Natural and Artificial 
Sines, Tangents and Secants as found in the CANON 


F 


| T1 rigonometer,. I have yet thought it expedient for Students 
in general, to give the APPLICATION.of PLAIN T 81G0- 


NOMETRY in the ſeveral. Problems, of ALTIMETRY.and 


 LoncimETRy ; and as I am well aſſured if theſe Ex- 
amples are well underſtood, it will be quite unnece to 
repeat the ſame over and over again in the ſame Triangles 
applied to other Arts, as in Surveying, Navigation, For- 
tiſication, Gunnery, c. &c. which makes almoſt half 


2 


tte firſt Volume of my former Mort. 


u in the APPLICATION of. Spherical TRIANGLES 0 
_ 'Geography, Aſtronomy, Dialling, Great Circle Sail- 
Ang, Oc. which amounted to little leſs than teaching theſe 
| ſeveral Sciences at large; but that is not my Deſign now ; 
it muſt ſuffice to ſbeto the Young Trigonameter how all the 
"Triangles Uſed in theſe Sciences are formed on the Surface 
e the Globe or Sphere, and then the Application of them 


n lite manner near half 2 Volume was taken 


Is every * that may occur, will he a proper Praxis or 


"Exerciſe. for bim; and, which be will find both delightful 
; 85 and eaſy. 1 * . ” OS | n+ 8 8 ; ; 
Noi only the Solutions in Numbers, but alſo by the 
GUNTER, or Sliding-RULE, as likewiſe by the SECTOR, 
are laid before him in the cleareſt and canciſeſt manner; 

and not only this, but he is inſtructed in 1 fo of a New 


7 


© «SCALE. f NATURAL-SINES,. by which ſome Solutions 
are obtained. to Caſes not reſolvable by either the Sector 
Po / ( 
But the moſt. valuable Improvement in this Science, we 


; _ owe to the happy Genius of the late learned Mr. Cortes, 


' which he publiſhed under the Title of the\'ESTIMATION of 
ERrRoRs in mixed Mathematics; of «his Treatiſe I had 


never heard, when 1 compoſed my larger Work ; nor have I ſeen 
it adopted fince' into any Treatiſe on this Subject, which is 


the more le be wondered. at, becauſe it does in a moſt peculiar 


manner relate to the Eſtimation and Correction of Errors, 


" erifeng from trigonometrical Obſervations and Opera- 


'  _ , -tions. For this Reaſon I have given ample Specimens of 
F | RFF e the 


” 


1 NT, x 8 


f 
4 
8 
4 
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kk. @T a wW]mca cc . co ww. 


to which. I refer the Reader. 


Uſefulneſs. 


. 
4 * 


5 E R . E F A GC 7 E. | : vii - 


the Nature and Uſe of this Method in two Chapters 


under the Title of, The PRINCIPLES of Fluxionary TRI 


GONOMETRY, Plain and Spherical, which I. have uluſ- 


petent Fudge in theſe Matters, cannat but know, and will 


* readily allow, that without theſe new. Fluxionary PRIN- 


CIPLES, T RIGONOMETRY. muſt be very im̃perfect, and 


its Profeſſors but half-learned in their Art. 
- This EPpITOME of TRIGONOMETRY naturally follows = 
the COMPENDIUM of LOGARITHMS which I lately pub. 


liſhed ; and both together make .the third and fourth Parts 
of. the, Mariner's Mirror; for TrigGonomeTay. 


NAvi6GATioN wholly | depends ; and therefore it is, 
that I have not given particular numerical Examples for 


and\ LOGARITHMS are the two PILLARS 7225 which 


ſeluing oblique ſpherical Triangles by -+theſe. Theorems 


without a Perpendicular, as many ſuch may be found in 


the firſt and ſecond Parts of the ſaid Mariner's Mirror, 


To conclude, an Encomium upon the, SUN would not be 


more abſurd than one upon TRIGONOMETRY, as it is well 


known to be the entire Baſis of all GeoMETRy, and 


every Mathematical SCIENCE. The. very. fi Propo- 

ſition of EUcIID is concerning a TRIANGLE; and the 
greateſt Diſcoveries in every Age have originated from a 
9% os and "Compariſon of the Properties of thoſe 
uſeful F „ . 


1 


SCIENCE of FLUxXIONS afforded it every Aſſiſtance it 
could poſſibly require ; and in theſe, moſt advantageous Cir- 


 cumflances it is here preſented to the View of all whoſe 
Minds are delighted and captivated with uſeful and ſublime 


Improvements in Mathematical Sciences. 


And becauſe the Young TRIGONOMETER may not com- 
plain bf any Deficiency in this Treatiſe, I haue added the © 
Method of ſolving Oblique Spherical Triangles, by fix * 
Subſidiary Right-angled Triangles, een a foreign 


ingularity, and 


Anthor, on account ef its Novelty, 
| 8 5 Another 


trated by the celebrated Author's own Examples, and ſome 
others equally curious and intereſting. In ſhort, any com- 


a if. RIGONOMETRY be of ſuch Importance in itſelf, © 
| bow highly muſt we conceive of its Uſefulneſs ſince the Ing 

vention. and Application of LOGARITHMS thereto ? But 
to give it its finiſhing pv the all-compleating : 


. _ <> 


Os WE 3 Lo Ol 

| Another curious Invention for the ſame urpoſe ber, 
likewiſe inſerted row a French Author, which by means 
of the Suns and DIFFERENCES of the Sines, Co-fines, 

and Tangents of two Arches, folves all thoſe Caſes by the 


Trigonometrical Canon of Logarithms only. 


Aud Hf | my young Pubil ſhould fay, he is obliged in 
agiſtri 


Verba jurare, I have ſbetun him the Way to 
prove that the Value of every Sine, Tangent, and Secant, 
is the ſame as be finds them in the Natural Canon. This 
| Satisfattion he may ſeek for in vain in other ſhort Tradts 
on this Subject. . 

\ © Theſe fifteen CnArrERs contain all that I think pro- 
deri belongs to the SctEnCE of TRIGONOMETRY ; nor 
can the Tyro in theſe Studies be ſuppoſed ignorant of the 
Subject of any one of them with Hoon to his literary 
| |/ Here I ſhould have defifted, had it not been for a v 

cogent. Reaſon, ' viz. That the ee es- 
graphic PRoJECTION, by reaſon of their extenſive Uſe in 
all tbe Branches of Spherical Geometry, and their pecu- 
liar Affinity to the e rh en 
' themſelves ſo |} ly for the Completion of this Stience, 
277 coul Ty fy myſelf” in denying A fr Readers 


2 compendious VIEW and APPLICATION thereof, - 


gether with an Tlluflration by Examples in Spherical II- 
| 2 and the CONSTRUCTION of MAPS and DiaLs. 


* 


And for this Purpoſe only, I have added the 4th Plate, 


at a Mathematical Memento, or Remembrancer, to the 


Young TRIGONOMETER, in the Courſe of his Studies. 
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CHAP. XIII. 


+ New and, Eaſy MerT#oD. of == ot Cont of. 


obligue Spherical TrxIAnGLES by Six right - angled | 
Subſidiary TRIANGLES, OW; 


—| OMA: xv. 


ah Marnon of folving oblique Spheri 150 Taxa vorke, 
and many. other PzoBLEMs,: by. the Suns and Di- 


FERENCES of Sikks, CorSixks, d TANGENTS of . 
Iwo 8 8 a CipeLs,... | Ss — GE 
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db freer ation of Sxkizs for nn the Velen 
F the PERIPHERY of @ CiRCLE; and of the Sixx, 


 TAanGgNT,and SECANT of any given ARCH or ANGLE, 
jn equal PARTS of Raptos, — 7 
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The PaincreLes of the Stereographic. Prehzerion 
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[ 4. go © RIGONOMETRY the Art of com 
T X puting the Quantity of the Sides and * \, {| 
HH Angles of a TriancLEe that are un- f 
bet, from others that are given or known, If the 

Triangle conſiſts of Rigbi- Einer, it is called Plain 

| Trigononietty ; but if the Triangle be formed of three 

' * Hrobes of great Ciretes, it is beans: called Epherical Tur- 1— 
is "TY e | ; 
2. In Spherical Tuxconoundiy! the Quante, or | 
aaf of the Angles and Sides, conſiſts of a certain 
Number of eg Parts called Degries, Minutes, Seconds, 
Third, &c. into which the Periphery of a Circle is 
1 1 to be divided ; this Diviſion of a Circle . 


into 360 Degrees ; each Degree i into 60 Mi nates; each = | 

t . into 60 Sen and ſo . in a Sexagenary | = 
Manger. e | 

In like Manner, the Meaſure of the Angles of x | ] 

bee of PR "Triangle, 1s the Arch of a Circle ; . 

x "row, B | ate but N 
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And it is DF: OP:: CD: CP. 


extreme Parts of the Arch of a Circle, Thus the 
Line IS is the Chord of the Arch TBS, It is un 


the Cirele paffing through the other End; thus IV is 


- Arch Df. Also FG is the Co-ſine of the Arch FB. 


R + 


* 3 een 


1 Meaſure of its Sides ate the equal Das of ſome 


 frrait Lins er SCALE, conſidered. as a ande Mes- 


Joe 3 23 4 Pole, a Yard, a Foot, an Inch, &c. 
F. The” Ravrvs of © Circle, or "EDO SY ABD” 
(Fig. 1.) is half the Diameter AD, viz. AC, or CB, 
-or CD; or it is the Length with which the Circle i is 
deſcribed on the Center C. | 

6. According to the differehe Lengths bf he Radius, 
the arch of the Circle which meaſures the ſame. Sr. of 
Vill be proportionably different. Thus the "Arch 
meaſures the Angle FCD to the Radius CD; and the 
Arch OP" theafures the ſame Angle to the Radius CP. 


. A 


_ A R as ww» 


7. A CnrorD is that Right Line Sn joins e 


times called the Subtenſe of the aid Arch. - 
8. The Six of an Aret is a right Line "IR from 
one End of the Arch perpendicular to the Diameter « 


the Sine of the Arch IB; IK. is the Sine of the Arch 

TA; FG, the Sine of the Arch FD. Note, the Sing "a 
is half the Chord of twice the Arch ; . IVI is * 

** Chord of IBS=alB.. 

9. The Co-#1ns. of an Arck i is the Sine of the Com: 

Fa ls of that Arch to 90, or a Quadrant; thus the 
mem of the Arch Fi is F B, the Sine of which 
is FH, therefore FH (=CG) is the Co-ſine of the 


* N er th M Ü 


. * K ap a 
- 


> 2 _- 
* 8 * — a SE 


10. The Verſed Sins of an Arch is the Part of the 
Diameter of the Circle intercepted between the Sine 2] 
and the Circle z thus GD is the verſed Sine of the 
" FD; AY: the Tſe ö wes is 
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. 
the Supplement of the Arch FD to a e pr or 
A (> 5 

11. The Tray of 'a an- Arch is'k Right. Line 
which rokes the Circles ene. Extremity-' of that 
Arch, and is cut by a Right Line drawn-from-the Cen- 


AM is the Tangent of the: Arch Al; DE the Tangent 
of DF; and PR is the. Tangent of the Arch OP or 
the Angle OCP to the Radius CP. _ 

1342. The Scar of an Arch r 
from the Center C to interſect the Tangent of that 
Arch; thus CM is the Secant of AI; CFE of the Arch 
FD; and CR of the Arch OP to the Radius CP. 

13. The Co-TAxcGexT and Co-sxcanT. of an Arch, 
are the Tangent and Secant of the Complement of that 
Arch to 90. Thus BN is the Co nt, and CN 

7 20 Co- ſecant ef the Arch DF. | 

14. The moſt conſiderable. ReLations Andino: 
rin ris of theſe Lines are deducible from the ſimilar 

-. Triangles they compoſe in the Figure. Thus the 2 
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of one Triangle as well as of the other, the Sine of an 
ED and of its Supplement being the ſame. (Art. 10.) 
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gs have the ſame equal Angles, 9 MEE 
59, Another thing to be obſerved, is, [har Fo "AK wot 
. if the Hypothenuſe is equal to the Sum. of the Squares ofthe. 
Legs or Sides; thus C. Alg B=, (Fig. 6.) and there 5 
"fore 9 two of theſe are given, they find the third. 8 
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60. Upan theſe Conſiderations it will 8 chat 


5 1 regard to a right-angled Plain Triangle, there 


can be but Four Varieties in the Data, and but two 
"Caſes. in each; and that the Canons for their Solutions 
are the ſame as thoſe for the ſame. Caſes of a Spherical 
Triangle,, contained i iy the Table at Art. 4t. if for the 
Sine or Tangent of a Side we take the Side itſelf. 

All which will be evident, by comparing the Solutions 
there with thoſe in the OE Table, for” a * 
de nah Ms pane 1 
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62. In the an, ot he 2d Caſe of the a Variety, 


you have two Analogies, one in Sines of the Angles, 
* =. * * Radius uma Tangent of an Angle; 


which 
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n 2 IT 
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Which latter is preferable in Practice, as) as it Were 
but one Operation, but the other, 19; as we ſhall ſhew 
farther on. The Reaſon! of this, is evident from Fig. 6. 
| herein,” by making” the Hypothenuſe ” EP Radius, 
and deſcribing the Arch Pö, it is plain the Side B is 
the Sine of the Angle E, and A the Sine of the Angle 
P, and therefore E: B: P: A. But by making 
E (or tt the Side A): Radius, and deſcribing the Arch 
"Za, it is evident, the Side B is the Tangent of the 
Angle E; and therefore, Radius: A : 1E: B; and 
"mu the ſame Reaſon "oy making 2 e Wen +, 
Sou have Radius: Br: P. MM. by 
: 63. Alſo by Waking EZ (or A] Radius, the Hypo- | | 
thenuſe EP (or C) will be the Secant of the Angle E, 
and then we have Radius: A: : ge. E: G. Or Radius 
Ye B: 46, P: C. All which is eyident from the Defini: 
tions of Sine, Tangenti, and Secants, in | Chap. I. and i? bg 
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2 e TRIANGLES le” of 

£& B HE Sides of an Dbliqua Spherical Pin 
-» > *s become right. Lines upon Suppolition of an 
infinite Radars and; conſequently the Triangle itſelf 3 
: becomes a plain oblique Triangle, wherein all the Hae 1 
axe acute, as Fig. 7. or EY one a n 8 
"Om 4 e x 5 | 
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; * angle are:propurtiinal. th the Lines F the oppꝛſite Angles. 


8 as it does not depend upon them. 


1 s fiom thefice given alſo ; ſor thoſe two Equations give 


©”  BAC=2ACF, and the Angle GCA BAC; there- 


tte leſſer Angle A ACG, there will remain half their 
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Grp Hoon Ant vg XI. (Art. 47.) F$A38P : 17 s 
25 becomes A : C. , or the Sides of the, Tri- 


66. When two Angles are given, the third is 
hams as being the Supplement to 1805. But though 
the three Angles are known, they do not determine 
the Magnitude; or Length of any Side of the Triangle, 

567. The Sum of two Quantities Pay Ss. 5 their 
„ Dillerwaniſe—-kd), being given, the Quantities, are 


„„ 15> eb. nd 


=5—a=a—d; and therefore 5 +d=24-' Whence the 
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68. Tn: 10 ande l lang he 8 "uy pro- 

Fe fy one 90 BC to . and make 125 CA; and 

biſect BE in D. "Join NE. and drawing DE prane! 
to AB, it will biſect AE in F. Alſo draw CG paral- 


el to- AB. Then is the external Angle AEB 


7 


fore if from alf the Sum ACF (=34A+4B) you take 


— 
F mung 
„ * . _ 
4 #4, 


Difference B GF. Alſo from half -the Sum-of - | 19 
the Sides ZAC4:BC= BD,you fake the lefler Side | 
BC, there will remain half their Difference zAC— 3 
25C COD. On the Center C, with Radius CF, "'J 
ſtrike the Arch 'aF3," then is AF — * 
Angle RCP, and GF the Farigent of Ger 
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AAL XII. Ai the Fon of the Sides i is to their 
Difference, fo is the Tangent of half the Sum of the oppoſite 


69. When an oblique Triangle ABC (Fig. 10.) 
| has its three Sides' given, it muſt be reduced to two | 
E angled Triangles ADB, and ADC ; and the beſt 


7 
e neee e 


NEwron. Let AB a, AC=b, BC=c, and BD=zx; 


. =AD* ; and AC. DC (=#*—f 2 AD*; 


_ 


o 


* 5 Ned = 


N 


2 32 2 2 . . 2 
2 35 a. =x, or 3 AC — 


* "bc =BD ; then DC 


i 2b — pay man — 


(490 


e MOSS SS. TOES 


guous, when the Side AB oppoſite the given Angle C 
is leſs than the. given Side AC. (See Fig 11.) adjacent 
tc it; for let Ba be drawn equal to BA; then will the 
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f | i. to the Tangent of balf their Difference, © © 


'—Methodof doing this, is the following one of Sir Isaac | 
then DOS -. Now ſinte AB* —BD*= ( . 


Fir will be G N Ter-, conſequently. | 


5 * 8 
2 


is is known; and thus two Sides : are known i in each Tri- 'Y 
angle; to ory the Angles, by the Caſes of Variety IV. 'f 


0 With Sa nth to 2 . there. arg. 


| Jojwilvns of thoſe of the ſecond ae will be abi 5 


| Dai belong equally to the obtuſe-angled Triangle 
BC, and the acute Triangle BAC, and whether it 

be the Angle A or 4, or the Side AC or. , that is 
muſt be determined from the Nature and Con- T, 
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71. The $0x.v7IOn of 2 Phi, Tuikuelse. 


[Variety] Given 1 = 8 0 v T 10 | 
n — — — — 
1 Angles, B Ne op EC. 6 
IF and a | Side, Ltd |: 8&2 ö AC. < 5 
A AB: . A. | 
B || Then C+A—180=B. f 
ac'| 20? Wer Lal AC. 
8 Ac c = 
B By the half um, and half Difference, 
.de Angles B and C are known. | 
BC , (See Art. 67, 68.) 
pip © 10 3 A: BC. 8 
[roy Foy TAC + BC*. 8 
U — | 
8 1 250 55. (69. > 
— — — — — 


N. B. In any ious Plain Triangles, the Sides 
are denoted, 2s uſual, by the two Letters at the Ends, 
for the Sake of greater N SR this 4 10nd with 
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and CALCULATIONS 3 


with, 


and without LoGARITHMS. 


HEN two Sides of a plain cioht-angled 
Triangle are known, the third Side may be 


found without the Trigonometrical- Canon (59.) but 
| Ls Oe 7 for the AE for the Caſes of any 


BP 


of 
* 
x 


ou 


 Trignametrical Careurarabus. =: 
other Variety, can be had without having Recourſe to 


the ſaid Canon, for this Canon conſiſts wholly in the 


numerical Expreſſion of the Value of the Sine, Tangent, . 
and Secant, of every Minute of the Quadrant in ſuch Num- 8 


bers or Parts of which the Radius contains I,000000. ; 


73. Let the ſaid Tabular Triangle be that large one 


CO (Fig. 1.) and let the Angle at C33 15 


Then the Radius being nn 
the Sine will be OQU= 548293 


the Tangent: PR 655020 
the: Secant” 1 CR 195763 
All the Sine of the Complement CQ= 56 45 836286 
the Co- tan geen ag 15525253 


"the Chee 1,8238642 
2s By this Artifice there is always a Triangle ready, 


' calculated in the Tables, and ſimilar to any one that 
can be propoſed: for Solution; and ſince in every Ana- 


logy there are two Terms (of the four) in the tabular 


Triangle, and two in the given one, of which ons is 


known, it is plain there are three Terms known to 


find the fourth, by the common Rule of Three. 


1 For Example; let the propoſed Triangle - 5 


FGC, in which there are Siven the Baſe CG=165, 
and the Angle at C=33? 155 to find the Perpendicular 
SF. Then ſimilar to this is the tabular r Triangle CQO, 

| which baving the ſame Apgles C= 3315 and O 560 
45 and making CO Radius, we have by the Canon 


ef Natural Sines, CQ=836286, and o e sabe; 


hoe the following Analogy : * 


CQ.: QO. 32 © 2417 Gx. 
Ae 836280 '2 548293 


þy,$ines, fg make . e Toe 1 the, two Sides 


= 0 he n 
22 | 13 | | | 
"PS: l , 02 - 
. 4 f 5 { 4 
. * "7 


4 165 „. 
Fo gp Tt inſtead of making- CO Radius, 5 working 


- 


. 
2 
. 
_ — * — 


r 2 2 - =o 2 : 
RIDA Toy TR LT 
2 . > n 


a» 
. 
* L 
— — — — 
3 9 


1 
£13 SY 
3.3533 


- —ͤ——̃ — . V — —E—ö—ñ —ůÄ— Ir —— — 
. g 1 * 4 : 


ample of Art, 75 will Sand aa-followes. . 


1 . RaviOwaie ef * 


c and OQ which: before | were:Sines, now become 
Radius and Tangent ; and the Operation for finding the 
Side GF will become more . and 1965 for * 
we e W * | 
SO: i QO F. 

| As 3 * 5 Prong : 108,2. 
77. But as the Operation by Natural Sines and Tan- 


gents, in common Numbers, is very troubleſome and 
| Jaborious; th theſe Trigonometrical Proportions are now 


wrought, where Exactneſs is required, by artificial | 


Numbers or Logarithms, whoſe Property it is to perform 


Multiplication and Diviſſon by the Audition and Subtrace | 
| mo of two Lines of Figures only. © _ 


78. Thus by taking the Logatithwic f Sins, the Ex- 


* 
As the Sine of the Angle COQ=56* 45 94922355 


Is to the Sine of the Angle pate I 5 9,7 39013 


e Side ce — 2277484 
8 . = | Sam! age Y 
Te the Bide ads Ori 25034142 


Here the whole Operation conſiſts in adding the Lo- 
1 of the 2d and 3d Numbers, or Terms of the 


"Analogy, and from that Sum ſubducting the Loga- 


rithm of the firſt Term, there will then remain the 


Logarithm of the Number which expreſſes the Quan» 


"rity ſought, and which is found'in the Canon. 
79. If we work with Radius and Tangent, as in the 


| | Example of Art. 76, we wall find the Operation ſtll 


much eaſier, even in Logarithms ; ; becauſe now the firſt. 


Term being Radius, its Logarithm 10,000000 gives 


5 0 9 in * z the nne in 1 being 


\ 4 g Fd 8 * U 
* hog g 
- 6 - 5 * 


| ON, rignametrical | CALCULATIONS. hes; 23 


ed by Addition of the Logarithms - "x | 
2 55 only, as is ſeen i in the 2 below: 


"As the Radius 8 10 | 
_ Is to the Tangent of the Angle C— EY I 5 2 166 38 
80 Is the Baſe CG=165 3 25,21 2,217484 48 4 


To the Perpendicular ſought GE eher 2037744 
| 75M Again, ſuppoſe the Side or Hypothenuſe CF 2 
weite ſought; then if CO be made Radius, it will 
come into the Operation wich the Sine of the Angle at 
O, as follows: 
As the Sine (CQ) ofthe « Ange =o as 95922 3 55 
3 ö 


b to han, . 8 og A %, Sit} - 


To ab pada or 24073 r 2295129 
Here the whole Operation i is in one N only, = 
81. But if CQ be Radius, it will be uſed with the - | 
of the Angle at C, to find the Corey . 4 
as in the following e e 1 
As the Radius (CQ) + 1 . 215. "OM 
To the Baſe CG=165- = # OT, Zarb = 
So is the Secant (C0) of 37 we - _10,077645 1 


"Is the Hypothenuſe CF=197;3,. 1 2.295129 

82. Theſe are all the Varieties in the Solution of _ 
Cafes of Triangles, whether” they are plain or ſphe- „ # 
rical; fight or oblique angled; and they who under 
land What Ras been already ſaid, will need no furtber 
 ToftruQtion'; they will alſo obſerve, that the laſt Po. 
ceſs with ene is fuperfluous 3 as no Analogies => 1 
| the foregoing * Tables (41, 52, 61,'71):include or men- 

; tion A Secant, and therefore alſo moſt Canons or Tables 
3 Logarithms leave them out. But as Secants are on : 

bete 8 wanted, they wy be eaſily had from 


1 
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| the Canon 'of ines ; ; for the Logarithm of the Ci-fone aba 
ducied from twice the Legarithm of the Radius, will. leave 
the Secant required, as is evident from Art. 16. 

| 83. The firſt Proceſs in Logarithms (at 78) may 
Ws performed by Addition only, by taking the Arithme- 
ical Complement, of the Logatithm of the firſt Term of 
the Analogy, which is had by taking every. Figure of 
the Logarithm from , but the laſt, which is taken 
from 10, beginning at the left hand. Thus the Arith- 
metical Compliment. of the Logarithm | 9,922355 is 
©,077645 and this Operation being performed mentalh, 
is by ſome preferred i in Practice, becauſe this Arithme- 
tical Complement of the firſt being added to the Loga- 
rühms of the ſecond and third Terms, give the Loga- 
ou of the fourth; as in the Example, below : : 


0 


5 | Arith,,Comp.. of Sine 560 45. 050776. 
Add a Fee of the Sine df 3351 7 20 


eee of the Side CG= _T 25277484 


—— 


The Sum i is the ö of CF= 064 oor 2.034142 
3 Þ he ſame as before (78. ) with 4 he of 3 igures 
We © of- 5 and. wg Ane dc T 
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The APPLICATION. of Plain che- 
METRY- to ALTIMETRY' and nete 
Fo a vr. — 
8 FR? 1 G 6 r 1 
"A LTIM ETRY - 18 15 al of £ the 
CY Hrericnrs of C 2 trigonometrically ; z and 


Loser is 428 85 of meaſuring their Disrancks; 
ir As ITY: OE Et FRET ö 4 d 
4 ES % . Fin ES, : an 


: - 


* 


=_ 
— 


and TY in all Caſes, whether they are, or are "ey ac 


relſtble. The common Inſtruments for this Purpoſe are 
good QuADRANTS, PLAIN TABLES, or TREO DO: 


LIT ES, by which the Angles, thoſe: Heights and Diſ- 
tances ſubtend at the Eye, are meaſured: This Doctrine 
will be illuſtrated. by the following Examples, 


e Ae r 


85. Let it be required to meaſure the Hei cht of an 
acceſſible Object, as the Tree BC. (Fig. 17705 : 1 


Meaſure any convenient Diſtance from the Body of 


the Tree B to A; which ſuppoſe to be 127 Tards, then 


at A, with a Quadrant, take the Angle of Altitude 
"BAG, which ſuppoſe to be 369 30, whoſe Complement 
bs 53 30 BCA. Then ſay,” (by Tug" Il. at hr.) 


; TAE” 
As the Sink of the Angle S sz 30 I, "0,094821 _ 
Is to the Diſtance AB=2127: = + 2, 10380 


Zo is the Sine of the Angle Az=36* 55 — Wee 


To the Height of the Tree bone | . 
Eye; BC=9397 


wh EXAMPLE 11. ex 


856. To meaſure the Height * an FE as the 


Spire BC, 'by its Shadow and a Staff (Fig g- 13. ) 
. Meaſure the Shadow of the Spire BA, which ſuppoſe 


to be 150 Feet; then at the End of the Shadow A ſet 


0 the ſtaff (bc) perfectly upright, which ſuppoſe i is three 


| Feet; then meaſure its ſnadow (ba) which let be four 
Feet. Then becauſe of {ler 27 riangles ARE and abe, 
we baye ab: bc= : AB= 159: 
Height o of the Spire required, 


"I 1 Note AG dad, bt ata Compleme 


„ N 3 5 EXAMPLE 
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nh The APPLICATION of Plain TR IGONOMETRT 


DN AM RTE III. 

1807 To ae the Height of an inacceſſibli Oheg, 

© as. Me best BD, which you cannot approach by rea- 
1 n of the River R. (Fig. 14.) | 

2 Ax” wy, convenient ſtation C, take the Angle 

cb 5 30˙3 then from C meaſure any Diſtance as 

CA=108 Yards; and at A take the Angle DAB = 4 

o Then in the oblique T Triangle CBA, the Angles 

are known, and one Side AC, to 5 the Side BC (by 

W I. at 71.) i 


$3 
* 
Ly 


8 A. C. 
Thus, As the sine of cheAngte ABC= 


175 it; the 215? 30 Sev. | n 0,573101 
18 to the Lonueh es 2, 033424 
So is the Sine of the Angle BAC= 24⁰⁰ oO 9, 80806) 


To the Lenfth of the Side CB= =259,7. 2.414592 

88. Hence in the right-angled Triangle CBD there 

8 are given the Angles, and the Hypothenuſe BC to find 
the Sides BD and DC (by Variety 1. at 61.) 
Thus, As Radius . 19, 


1s to the Side BC=259,7 = © 2,414592 
So is the Sine of e Angle D DCB= 55? 30 9,91 5994 


F: To the Acight of the Tower nen se 


Is "Andy 0 16 the Sine. gr the Angle 6 
Mn *CBD= = 4 30' 8 1 "995318. 


10 the Diſtance thereof CD=1472 255 2:167720 


„%% V 
89. to. meaſure the Diſtance of an | inacceſſible 
7 Die as the Windmill B, beyond che River R. 

1 (Fig. 15.) 
/ . » By the Plain. Fable or Theodolite, the . at 
5 A and 8 are e meaſured, and * the Chain meaſure the 
EE ERC ts No | L side 


5 8 j | : f g * — 
ä %. 


1 inacceſſible by the River R. (Fig. 16.) 


* 


to ALTIMETAYT and LONGIMETRY. . 27 


Side AC; then in the oblique Triangle ABC you . 
have given two Angles. and the Side included, to find 1 
the Side CB, (as in Example Rs which is the * 
tance * 


E X A M P LE v. 
90. To fnd the Diftance between two Objects B, b, 


Let the Diſtance AC be meaſured, and the 1 N 

CAB and ACB be taken by the Theodolite ; and. the 
Side AB, or Diſtance of the Houſe B, is known, by 
Example III. Alſo take the Angles ACh and CA, 
and then in the Triangle CAS the Side Ab is found, 
or Diſtance of the Tree at (5). Then, laſtly, having 

the two Sides AB, Ab, and the included Angle BAZ 
by the Theodolite, Ht find we third! Ne BS OP. 
Variety II. at 71) | | 


=; EXAMPLE” VL 5 

9 5 To 500 the Height of the Tower and Spire By. 
Gtuated upon the Hill EBD. (Fig. 17. 3 : 
, Meaſure a proper Diſtance from C to A with the 
Pole or Chain; and at A and C take with a Quadrant the ö 
Angles A and 0D; ; alſo the Angles BAD and BCD, © 
then in the obligue Triangle A4C you find the Side C6; 
and in the Trian CB you find the Side CB; z and | 
taking the Angle Ol, you find the Side Bb, (as in the 
laſt Example) the Height of the Tower required. 55 
1. 92. It is plain from theſe Examples, that 1 — ; 
| and Longimetry are the ſame Thing in Effect and Oge⸗ x 
ration; and, in ſhort, all the Operations i in Surveying, 
| Navigation Gunnery, Fortification, Mechanics, & c. con- 
WE! in the W of a Plain Triangle; 1 and therefore | 

E 2 + "ta 
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to exemplify in each particular, would only de a need- 
leſs ere 7 was above ee over and over 
- again.” 2 | ME 


% * 
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1 The Practical Mirz Ab of folving all | 

+ Casrs of TrIanGLEs by the Single or 
Sliding GowTe ; ; by the SecToR ;. and 
by the New Univerſal SLIDING RULE. 


93." 'N practical Caſes, where great Accuracy i is riot 
I required, we generally make Uſe of the Gun- 
TER, as it is called, that i is, a Set of artificzal Lines of 
Numbers, Sines, and Tangents, which are nothing but the 
Logarithms of the Canon laid off upon frait Lines, firſt 
invented by Mr. Edmund Gunter, whoſe Name they 
bear, - Theſe Lines are uſed either fongly with \ Compaſſes 
or by Pairs, on a ſliding RULE; where one is fixed 
upon the Rule, and rhe other moveable MI it upon the 
Slide. h 
94. The Uſe of the Single PAY wich Compaſſes, 
is this: Suppoſe the ſame Parts given in the plain 
RK. right-angled Triangle CGF (Fig. 1.) as: before (75) 
viz. the Side CG=165; the Angle I, and 
the Angle at O==56? 45' , to find the Side FG the 
Operation is thus: Set one Foot of the Compaſſes in 
* 45 of the Line of Sines, and extend the other to 
332 x5”; then with that extent place one Point of the ü 
Compaſſes in 16 5 in the Line of Numbers, and turning 


the other about it will fall pon a do the Side 
© Woo at 7h: * PN 


SY 1 TR IHR Eo 55 0c 


by the SINGLE and sro GoxTzs. 29g 


- 95. Or by ufing the Line of Tangents (according to 
Art. 79.) you owe thus: Set one Point of the 
Compaſſes in 450 (the mne of the Line of Tangents, 
and extend the other to 33? 15”, with this Opening of 
the Compaſſes place one Foot in 165 in the Line f 
Numbers, the other will reach to 108, 2 in the ſame 
Line, which is the Side GF requires. © 
96. With the Siding Gunter you work the above So- 
lation in. the following Manner; and firſt with the 
Lines of Numbers and Sines, thus: Set 56 15" on the 
Slider to 33 15" on the Rule, (in the Lines of Sines) 
then againſt 165 on the Slide is 108,2 on the Rule, in 
the Lines of Numbers. Or ſet 562 15 on S to 165 on 
N, then againſt 339 15 on S is 108,2 on N for the 


' Anſwer. Note, the Line of Numbers, Sines, and Tan- 6 


| . are marked with N, 8, and T at the Ends. 

97. The ſame Proportion is wrought with the Tan- 
ml thus ; Set Radius (viz. 45% on the Slide to 
4330.1 Ty on the Rule; then againſt 165 on the Slide is 
| js be on the. Rule, on the Lines N.. Or thus : Set 

Radius on T to 165 on N, then againſt 33” 1 5 on * 
is 108,2 on N. 

98. To find the . CF, the Analogy (a. 
Art, 80.) is thus performed: Set 56* 45" to Radius 
| (905 Mon the Sines 8, S; then againſt*16s i is 197,3.0n 

the Lines N, N. Or, place 56 45 on S to 165 on N, 
then againſt Radius on 8 is 197, 3 on N, the ee 
of CF required. Theſe are all the Varieties af Ne 
\ ration by the /ingle or ſliding Gunter. 1 

99, But it muſt here be remarked, that the 1 
"Live of Sines is very defeQtive even for practical Uſes ; © 
for half the firſt Degree is always loft at the Beginning 
of the Line ; and at the End of it, many Degrees are 


Uſeleſs, Viz. all from 80 to 905 3 and thoſe from 7ow.. 
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= - | The SoLuTION of TrraxGLES 1 


80 are of little Uſe on common Rules. In ſhort, un. 
5 leſs your Gunter be 2, 3. or 4 Fe eet long, the ee 
| beyond 60 will hardly ſuffice for common Practice. 
| hs 100. Since artificial Sines on Inſtruments are Made. 
_ ficient, we find the natural Sines and Tangents upon the 
S8cToR to ſupply, in ſome Meaſure, that Defect. But 
they are here laid down as they lie in the Orthographic 
Projection, and therefore are far from being ſo uſeful, 
as they are capable of being rendered in Practice, as we 
hall de convinced of by, only inſpecting a SECTOR of 

6 Inches Radius, where it will appear, that even in this 
Caſe the Degrees from 60 to 70, are of ey little Uſe; 
and all beyond, are of none at all. 

101. But though the Lin? of Wee Sines be fo de- 
fective on the SECTOR, it is otherwiſe with the Tan- 
gents; they, inſtead of diminiſhing, increaſe as they 
proceed; ſo that it is neceſſary ' to have two Lines of 
natural Tangents, viz. one for all below. 45', and 
another for all above. Hence ſuch Analogies as conſiſt 
of Tangents, are wrought very advantageouſly upon 
the SECTQR.. Note, the Line of equal Paris is upon 

; the Sector called the LINE of Lake, wat is s marked 
5 eee the End. =, 
1802. The Operition of the robs Re tn 
ca dector, is in the following Manner: To find the 
Side GF from the Data (in 75) by the Lines of Sines 
Ws 8, S. Set one Foot of the Compaſſes in the Center of 
|. *the' J6int, and extend the other to 165 in the Line of 
Lines L; then with this Opening, ſet one Foot in 
: +569 45 in the Line of Sines 8, and open the Sector till 
* ,  - the other Foot falls exactiy on the ſame Diviſion 56? 45” 
"on the Line 8 upon the other Leg. The Sector re- 
5 3 this, take the parallel Diſtance from 33” 1 5 


1 8 CA te 5 : \ 


by the Sxcrox and SLipinG RuLs. 31 


to 330 15“, in the Lines 8, 8, and ſet on Foot in the 
Cen of the Sector, the other will fall upon 10883. 72 
the Line L, for the Side FG required. 
109. On the Lines of Tangents T, T, the ſame Ana- 
logy is wrought thus; take 165 from the Line of Lines 
L, and opening the Sector apply it parallel-wiſe from 
45 to 45, in the Lines T, T; then take the parallel 
Diſtance between 33 15 in each Line T, and apply 
it upon the Line L, and it will reach from: the Mo 
ning to 108, 2, as before. 7 
104. To find CF the 3 we SL wh the 
Sines 8, 8, thus: Take from the Line L the Number 
165, and 1 it parallel-wiſe between 56˙ 45 upon 
E Boy each Line S; then take the parallel Diſtance of go and 
9o on the ſame Lines, and apply it to the Line of 
Lines L, and it will reach from the * to 3973s 
| hay Lengthiof CF required. | 
105. On Account of this Deficiency: of the Line of | 
3 both on the Gunrkx and on the SExcToOR, I 
| have (protracted the Sines as they ſtand in the natural 
Canon, and have thereby rendered this new Lins of 
Sixxs capable of all the Advantages it can poſſibly 
have, or indeed that the Artiſt can expect; for it has 
by this Means juſt the contrary Property to what it has 
| on the Gunter or Sector, viz. the Diviſions continually 
: 2 encreaſe from the Beginning, and at the End. they are 
very large; ſo that you have the moſt perfect Solution 
of ſuch Caſes of a Triangle here, as are, altogether j im- 
practicable with this Line in any of the uſual F orms, 
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Ly will be evident by the following Example. "Os : 
106. Let the Suns Declination be 22023, to find his 80 
bern. The Obliquity of the Ecliptic is 2 3 300 Mi 
' therefore 3 in the eee Spherical Triangle PZE 91 
: : _ (Eis. 3) | 1 


5 


83 te Se of Tarancies, He. 


I Fig. 3.) there is given the Angle Ezaz 3 30', and the 
oppoſite Side B=22* 23 to find the Hypothenuſe C, by 
Variety II. E: B:: Radius: C. Now on the Rule 
| againſt 23* 30 is the Sine 399, and againſt 22 23 is 
the Sine 381 3 therefore ſay, As 399 : 381 :: 1000: 
1 in of C, againſt which in the Line of ee 
5s 72 38“, the Anſwer required. | 
10). Here it is evident, that fince the Sine of 725 
38 is required, it would be in vain to ſeek it on the 
artificial Gunter, or Line of Sines on the Sector, and yet 
by this new Oonſtruction of the Line of Sines on the 
| "Tian for” SLIDING-RULE, the nearer you * to 
ES 1 , the more perfect will the Solution be. 
108. Again, Suppoſe the Sum in 10 30 of lia, 
5 e right Aſcenſion? Here Eg 30 and its 
Complement 6 300; therefore by Caſe I. of Variety 
III. (41) fay, As Radius: cE: : 1: A. In the 
Line of Sines, againſt 66˙ſ 30 is 917; and againſt 10? 
30 is 185 in the Line of Tangents ; therefore it will be, 
"6h A. 1000: 917 :: _ A Spares mo 8 170 in 
1 Aſcenſion Kate, Note, theſe Analogie are 
. . wrought in the uſual Manner by the ſame 8LIDIxG- 
: _ RULE; as may be ſeen at large in my ſmall Trac of 
RR Na EIT * hag TM ay TOR: | 
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An Envurzarion of ene Prosa. 1 5 


12 1 A P. X. 
A General ENUMERATION of all 1 


mical, Nautical, and Geographical Pæo- 


| BLEMS in Spherical GEOMETRY, illuſ⸗ 
trated by a Dias, | 


10g. TT would be endleſs to recount all the Problems ö 
in the various Mathematical Sciences, to which | 


the Application of the foregoing Trigonometrical Solu- 
tions is conſtantly made; it muſt ſuffice to point out 


ſome of the principal, with the Triangles from whence 
they ariſe,” formed * the OG Circles of the 


Tio. In each l Spherical Triangle Yap 


| poſing only four Parts concerned, viz. the three Sides | 
A, B, C, and the Angle E (Fig. 3.) there will be fix 


Valette of Data, viz. A, B; A, C; A, E; B, C; 
B, E; and C, E; and each of theſe finds two unknown 
Parts, and tore! contains two Problems; ſo that 
every ſuch Triangle furniſhes Solutions to 12 diffe- 
rent and uſeful Problems. But ſometimes the Angle 


— 
oY 


_ 


P comes in, and then 20 Problems will be 18 * . 


10 Varieties of Data. | 

111. In an oblique ſpherical Triangle, there are 
three Sides and. two Angles always concerned, viz. 
A, B, C, Z, P, (Fig. 4, 5.) and ſometimes the Angle 


E: and ſince the Data here conſiſt of three Parts, there 
will be 10 Varieties ; and if only te Parts are ſought, | 


there will be 20 Problems ariſing from every ſuch Tri- 


angle; and many more when the Angle E enters the 
8 3 in ſhort, 3 1 in 6 a a9 Varieties 
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2 J. EnVMERATION of - PaopLens - 


in the Data, and 60 Problems reſult from nh mais 
evident from the Doctrine of CompinaTIoONs. 

112. To give an Idea of the rich Variety of uſeful 
Problems, the „gie Diagram will afford (Fig. 18.) let 
Obe the Conor of the Sphere; its Axis NS; North 
and South Pales N and 8; Q the Equator ; EL the 
Ecliptic ; EPLS the 1 ; HO the Horizon; 
ZCD the Prime Vertical; NBS an Howr-Cirele, and 
ZAD a Vertical Circle paſſing through the Place of the 
Sun © ; PT the Axis of the Ecliptic; PRT a Circ: 
of Longitude, and NRS a Cirde of Declination paſling 
through a Sr at R. ana adored ES, and 
of was et L. 

' 3. By the InterſeRiows 6f theſe Circles, a Variety 
| Wo pr be formed of both Sorts z r 
principal of which here follow : . 


14. I. The richt - angled T. A ©BC. 
In which. BC is the Sun's Right Aſcenſon. 
So v his Longitude from the Equinox c. 
BO is his Declination. 
BOC is the Obliguity of the Edliptic, . 
"BYE the Angle of ele of dhe Mari 
; . 'dian, and Edliptic. . 5 


115. u. The digdt-angled Waben dec. 

| In which Co is the Sun 's Longitude, _ 

Sl A his Altitude above the Horizon. | 
A his Amplitude from . 
AC the Sum of the tet and Obliq, 

= ol the Ecliptic, = 


it 11 The r Triadgle yes; the 
| Place of the Sun being at G in the Tropic of Cancer, 
A A 


F \ : 
1 0 * ; : 00 "2 £# N 8 Pi” : 
2 


A vis the Hour from Siv. / Mo =: 0h 
V the: Sun's:greateſt DE 23 *. 
| CG his t when Bee Woh. 25 

ves the Latitude of the Place EZ. 


11 7. IV. The right-angled Triangle ICM. 
In which l is che Sun's Delusion. 
_ IM his Altitude preciſely. at Six „Cheek. 
CM bis Co- Azimuth at that Time. 
Ic the Latitude of the Place. 5 


118. v. The right-angled Triangle ow K, when 

L the Sun is in the Horizon at K. | 

i In which WE is the Sun's Declination. © © 

No. CW. is the. Aena! Difference. 
& his Amplitude from C, EAI or Wilt. 
* 3 WCK the Co-Latitude of the Place, 


119. vi. The right angled Ti riangle NEO. 
In which NO is the Latitude of the Place. - 
„ Co-Declinatiqn, NIE 

8 « . KO the Azimuth. - 8 

3 CENT NO the 9 from | Midnight. 4 


* 


a 5 
2 
. 


— 


3 of cprincipal Note, viz. 0 10 N2 ©, which reſpects 

the Pole (N) of the World, and the Sun or Star at G3 
(2) PNR, which reſpects the Pole of the Ecliptic P, 
anda "Star at R; and (3) OZR, which regards the 
be tr Diſtances, and Aziniuth of the * x a 


. * 0 2 


121. FL "The Oblique Triangle & NZo. 

In which OZ is the Co-Altitude of the Suns 

| ON. is the Decl. e 5 0 
Fa e ee, 


- 1 Tavsszxrion of n 


In which ZN is the Co⸗Latitüde of the Place. 
f No is the Hour Angle from Noon. 
3 N is the Auimuth from the North. 
1 . The Triangle RZN ahſwers the ſame Ends 
for op 1 at R. r 


122. U. The Oblique Triangle PNR.. 
In ieh NN is the Co=Declination of the Stars 
RP is its Co-Latitude. | 
NP is the Obliquity of the Edliptic. : 
Hy NPR the Longitude of the Star from . 
| 2 BNP the Hour from Midnight. 


Wy I. In che Oblique Triangle: SZR. 
In which Zi is the Co-Altitude of the Sun. 
N is the Co-Mlttudeof the Moon, or Star. 

2 a OR the Diſtance of the Sun and Moon, or 


Star. 
8 ZR the Difference of t their Hrimuths. „ 


124. 15 theſe few Triangles, i it is evident, there are 
. - = upwards of 100 Problems contained, moſt of which 
daily occur in the practical Parts of AsTRONoOMY, Di- 
ALLING, "NAviGATION, and GEOGRAPHY ; for the 
Points ©z'Z, N, &c. may as well be conceived on the 
Spherical Surfare of the Oczan or Land, as in the 
UEavens., Thus ſuppoſe a Ship ſails from a Port Z 
10 another 8 then in the Triangle 2 * we have | | 
„ AN the Co. Latitude of the Port 8 | | 
NX the Co- Latitude of the Port X. 
2 is the Way of the Ship, or 2 
NZX is the or Courſe of the Ship. 
2Nx i 1s ms ame of een BE: and X. 


ws a4 * ws" 3 Ws 2 #52) 


125. a 


T7 


* Spherical Tx1conotintkt: 


126. In this one Triangle, therefore, are confained all 
the Caſes of Orthodromics or great Circle SAILING, But 
Z and X may alfo repreſent two CI TI ES on the terre. 
Arial GLoss;; then will all the Geographical Problems 
relative: to their Latitude, - Longitude, Diflance, Paſition, | 
or Bearing from each other, admit of Solutions, in the 
uſual manner, by the Table of Proportions in Art. 52. 
1326. I may obſerve, in the laſt Place, that many 'of 
theſe Problems are of a general Nature, and contain 
many particular ones of moment; thus for Example, 
in the Triangle ©ZN;. the Angle at N is the Hour 
from Noon, when the Sun O has the Altitude OA 
above the Horizon; but ſuppoſing the Sun in the Hori- 
non at A, then the Angle ANZ will be the Time of 
the Sun's riſing; whence. the LEO TH of Dar and 
Nich, and the SkAso of the VEAR will be known. 
Again, ſuppoſe che Sun were 18% below the Horizon at 


V, then the ſaid Angle at N wauld be the Time iden 
the Day 1 or the T'wiLiGHT e and ends... 


The W Kandel of Plate 25 
TMA ICON OA e and e 
to Practice. „ 

7. O N the Get A, 111 with the | Radivs Ae. 

1 deſcribe the Arch of 2 Circle BC, termi- 

nated by the Radii AB, AC. Let the Sine thereof b. 

D, and Co-ſine AD; and. let the Arch „ 8 

* into the * BE, the Sine CD ints the Sine 

W 33 oy EF, 


a 


ar) PrnerpLts 


EF, and the Co-fine AD into the Co-ſine Ar; and 
draw CG parallel to AB, meeting the Sine EF in G. 
Alſo in B erect the perpendicular BI, which let the 
Nadii AC, AE, continued out, cut in the Points H 
and I. And through H deſcribe * 
with: the Radius AH. (Fig. 19.) 

128. Then put the Arch BC=z, kad Its landes 
1 CE=z;: the Sine CD. r, and its Fluxion EG g=; the 
Tangent BH t, and its Fluxion HIT; "the Secant 

AH=/, and its Fluxion IK Then, as the Angle 

HAT is indefinitely ſmall, the Arches CE and HK may 
be eſteemed right Lines, without any ſenſible Error. 
129. Then by the ſimilar Triangles CEG and CAD, 
we have CE: EG:: :: oe AD: Radius : 
Co- ſine of the Angle BAC. e 
130. Again, by the Geilar Triangles ACE and 
AHK, as alſo the Triangles ABH and HKI, we have 
CE: HK: : AC: AH, and HK: HI:: AB: wal 
and therefore (ex quo) it will be CE: HI:: =: t: 

2: AH, that is, à: 75 3 the Square of Radu A 
f Tod of the Secant of the Angle A. 
131. Laſtly, by the ſame ſimilar T riangles, we have 
CE: HK:: AC: AH, and HK: IK :: AB: BH; 


© therefore (ex quo) it will be CE: .: AB*: BH x 


AH; that is, = 22 Radius ſquares. the aul unde 
"the Tangent and Stcant. 
132. Let the oblique Triangle ABC (Fig ig. 20) be 
cC)hanged into the Triangle ABD, while any Angle B, and 
dne adjacent Side AB, continue the ſame; make AE= 
AC, and join CE; then when the Angle CAD is inde- 
fiokely {ma]l, we ſhall have (by the Triangle CDE, 
IM iy, as CD: DE.; Re mk 
; TS 3 


6 
3 — 
. 


* 


| Of Phin Th1c0nouBrRY: „ 


| do Finke of the other -adjatent: Side CB is 10 the' Fluxion 
of the oppoſite Side AC, as Radius is to the Co-fie of the 
Angle C,. which is oppoſite to the permanent Side AB. Tp 
133. With a Radius AF (=100000) deſcribe the 15 
fluxionary Arch FG; then we have FG: CE: : R: 
AC; and alſo CE: : DE + D (or C): R; and from 
both theſe Analogies compounded, we Bars FG: 
DE:: ;: AC; that is, ih Fluxion of the Angle A is 
15 the Fluxion of the Side AC, oppoſite to the conſſant Angle 
B, as the Tangent of C to the Side AM. 
| 134. F urther, in the, fame Conſtruction, we den 
FG: CE:: R: AC; and CE: CD:: Cc (or D): 
R: and Ram both Analogies coinpoutided, we have 
FG: CD:: C (or D): AC; that is, tbe Fluzion of 
the Angle A (or C) is to the Fluxion of the other Side BC 
adjacent to the permanent Angle B, as the Sine of the Angle 
C oppoſite to the conſtant Side AB, is to rhe Side AC, e 
s ts the permanent Angle B. 
135. If the oblique Triangle ARC. were e changed i into 
the right-angled Triangle ABC, or the Angle at B made. 
right; at B, the ſame Proportions amongſt the Fluxions - 
of the reſpective Sides and Angles will continue as. be- | 
| fore, with the conſtant Side AB, and Angle B, 
136. If the ſame Conſtruction were made at the 
Angle Ay and the Side BC, or BC, with the Angle 
B, or B conſtant, then by the ſame Reaſoning we 


ſhould have, the Fluxion- of the Angle A (or C) % the 
Huson of the Side AB, or AB, as ihe Sine of the Angle 2 — 


at A tv the Side Ac. | 
137.. To ſhew the Uſe of theſe. Auxionary Prinei- 
ples, let AB H be che Height of an Object to be mea- 
ſuted, the Queſtion is, at ubat Diflance BC you are o 
"x * your * 120 the . ACB to W leaft 
| Error © 


— 


"46 Tue Hlurisnary PRINCIPLES) | 
Error poſſible. This Problem is ſolved as follows; 


- 


Continue-AB to (a), and make Ba=BA, and join 
4203 and let H be the Fluxion of AB, and C that of 


5 the Angle ACB. Then we have (as above) As H: 


: AC: 5A. But the Angle BAC=a, and the. . 
AC4=2ACB 'P therefore AC : A (or: 4.) :: A 


(=2AB: 9. ACa (=52ACB) that is, H: C:: : 2AD; 


5.2ACB; therefore H; AB: 2: 20 4 . aACB. 


138. By this Analogy, it is evident, the Error H 


in the Height e of the Obje& AB, has the ſame Ratio 


to that Height, as double the Error. C of the Angle 


of Altitude, has to the Sine of double that Angle; 


conſequently. this Ratio will. be the leaſt of all, when 
the Sine of 2C is greateſt, vig. when it becomes Ra- 


Aius, or when the Angle ACB=45 Degrees. 


139. This Example of the Uſe of Hurianary TRr- 
GONOMETRY is of ſuch Importance as to deſerve a 
particular Illuſtration in Nuprbers. To this Purpoſe, 


let "BH (Fig. 19.) be the given Object, and make 


AB Radius 1000000 equal Parts; then BAH will be 


the true Angle of Altitude, and BAI the erroneous Angle 


given by the Quadrant. Let EC, the Error of the 


Angle, be one Minute, or Gr then in the trigono- 
. metrical Canon, you find the Arch of 17 to be 291 of 


W e Parts of Radius; the double whereof is 2C= 


8823 therefore the Ratio of oo 1 EI, 


S 1779 BH 
that is, dhe Eiror HI is but 27h Part of the Height 


BH e Objeat, » when, th Ani mech and * 
then a . ; 


% 


8 rical Txrconomnray. 4r 


110. If the Angle at A be greater or lefs than a, 
then (other Things remaining the ſame) the Error HI 
will be increaſed in the Ratio of Radius to the Sine of double + 

be Angle A. If the Error CE of the Angle A, be 


greater or leſs, then (other Parts remaining the Law) 5 


the Error HI will increaſe or decreaſe in the ſame 5 
"Ratio. ; | 


2% DE: <Þf - $0 iy RD» 
The Flukionary Pant of Seer 


cal TRIGONOMETRY explained, and ap- 


plied in the Sol urio of n . 
important PROBLEMS. | 3 


Er ABC be an b Sheen Trigngl 

0 (Fig. 21.) and let the Side AC move into 
up: Poſition ' Az; deſcribing the Parallel Cr; alfo let 
the Side BC in the ſame Time, move into Bed, de- 
 {cribing the ſmall Arch of a Parallel CA. Again, let 
the three Sides of the Triangle be denoted by D, * F; FS 
aud the 3 Angles by A, B, C. 


un J x 


+4 my 


142. Now ſuppoſe two Sides AB 904 AC coins SY 


15 all the other Parts variable ; then becauſe the 
1 Triangle Ac is right-angled at (c) we 
have R: 3. E: : f. CAc: Ce; and becauſe the Sine of a 
very ſmall Arch is nearly equal to the Arch 1 3 


| therefore it will de R 1E us) OAt (=4): K . 
in the has Manner, k: r i: [Tn 


3 1 
„ 8 |; > 
* * > * 


WV * . 7592 N "Ive * 5 , 

1 * TJ; 7 ? X 25 55 1 24 K * XY F + 5 * % ** 5 37 2 1 4% 3 NN N I 

* E¾)7Vͤ d ̃ ̃ ß ])“ * . 3 * : WF, 

- * Y * 4 ; 1 4 
a 8 , 5 5 , r= - * 8 

x : s 5 ; f 2 5 FEY 4 
: , . -. 
: $ & : + * 


TX SK 
* os * 


5 
N 5 
N 
#} 
| 


_ 


143. Becauſe AC:=dCB=right Angle; therefore 


| He, and the Angle at (d) being 99 8 one, 


ebe K. $a; * (=ACB) e 4 1 


1 


1 if 75 


wy Pr Blk 05 D:: iB 4 "Y 5 1 "OM 


—Dx4B 
R 


145. 5. Agiin Re. fc. Schi-, Ca: Sx &, 
A=xb; therefore we have 55 


. * Ter * 5B, and ſo 1 


x4. 


1 . . (4420 yl Fa Baſe o 
be ie i 6409 (=O): | ;504:« 4:: 


* 1 === *. 5 


47. In the — Manner us ers, (b . 
D x es 


| the ſame be the d.. 8 TN 


* and F == HR 6. _ 8 4 ny es 


any Arch 


vf (Fig. 75 . we' rg Payne gc (19.) 


nd i TORN = rea 
| Whivee ve wall 17 5 Ge" Vary. ons 45. rings . 
e chat by en hs 
„ . % Re: 0 50 . 
„„ OF OR. RF: Dx6B. (147). 
NY. 5 * : 7 xt. C * F. (146). + * £ 75 ; | 
„% B: F. (147). - 
„ 1 ee 0. (146-147) 


880. Theſe Apalogies will ſuffice for our preſent. 


Purpoſe, which is to ſhow- the great. Uſe of the 
Hurianary Calculus in the Solution of many Problems in 
Spherical ASTRONOMY, Which though of the utmoſt 


| Importance, are atherwiſe either quite unattainable, or 


elſe require the moſt operoſe. and difficult Proceſs. 


The firſt Example 7 this Kind __ be the Weins 


1. 
2 51. Ta fad in has Azimuth or piles. Circle ZR, 


| you can moſt aduantageouſiy take the Altitude RE, of * 


celeſtial Otjeft E. (See Fig. 2.) 
In the Triangle PZ E, the Side PZ the Co-lninade, 


and PE the Co-declination, are conſtant 3 and the Side 
Eb the Co- altitude, with the Angles P, Z, E,. variable; 
the Relation of the Fluxion of the Heur- Angle P to. 
that of the oppoſite Side EF, is given in the firſt of the 


foregoing Anplogics, vic-A;3#-1. SD ibn (745 
152. That is, in the preſent Caſe, (putting L= 


Latiqude, D =Declination, A=Altitude, H= Hour-Angle, 


and Z=Azimuth, JS: A: : TL: Z. via. the Fluxicn 
of the Hour- Angle i is to the Fluxion of Altitude, as the Seeant 


of the Latitude i is 10 the Sine of the Azimuth. Nom be- 
2 cauſe ht, it is evident, the Altitude 'of the 


1 Obied E does not affect the Variation or Floxion, s 
tze Hour-Angle at all, as, the Quantity A is not oe Tok 
f cerned! in the Equation, but only its Fluxion 7 


153. Again, in the ſame Latitude L, we ave | 
n=S; therefore I will be leſs as the Sine of Z en- 


creaſes; and conſequently will be laſt of all when the 


Luminary is upon the Prime Vertical ZCz Where 


ZR ier ſhews, that in that Situation CO” ” 


K. * 


I 


We. 1 ons 


— 


| 
| 
| 


4 


4 4 SoLUTION of aof EA 


_ ous Obſeryer will take its Altitude, when the Atpareng | 
Time is to be deduced from it. | 


164. If we ſuppoſe LZ Radius, it bile the 
| "Obſerver to the Egyaron, and places the Object alſo 
in the Equator; and in that Caſe we have HA, the 

5 leaſt it poſſibly can be. Here let the Error in the Nagle 

of Altitude A=1 Minute, then H H alſo ; but 1 

the Hour- rl, or of Motion in the Equator, is 5 

formed in 4 of Time. By the Mean of ſeveral Alti- 
| | tudes the Error R may be diminiſhed, ſuppoſe to 2 of 
| 1 a Minute, then that wòill give (under the Equinotial) 
„ | 


— — 2 — 
— V2 ̃7— —  ——— 
be 2 


äU— meme... theerore, 
_— — 
: 


an Error of 1” of Time only. | 
3956: By the above Theorem (1 35 the Error in 
| Time is found for any Latitude, when the Star is upon 
b 4 the Prime Vertical, and the Error in Altitude 1 thus 
in Lat. 45 the _ Error will be 5” 20”; in Lat 509 
* it will ig wt * in Lak. 55 4 che Error will 7 
1 — oy” 10 next ae 1 man hs; is pregnant 
* with the cleareſt Principles of Pluxionary TRrIGono- 
METRY, and contains, in ſhort, the very Rationale 
of it,” Let P be the Porz of the World, PE the 
Fauinoctial Col png, PI the $2/jeitial Coruns, El the 
| EqQU1NOCTIAL, EH the EcL1PTiC, and PD a MznRi- 
DIAN 3 all in quadrantal Arches. (Fig. 22.) Alſo 
draw PB, Pa, and I to conſtitute fur hen quadranta 
Triangle.” 8 
Tun i the Triangle Dpa, we have the PD 
| : : PC: D C- (ſuppoſing Ce . to Da.) 


— x 
Mot 
4 


1 38 . C = 


* 1 


1 7 % Ba 40 
% \ 4 ; 
%% ASSET SZ COT 2 5 . * SY og 8 2 ! 5 
** oc f 0 ry | 2 - 
4 x 
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1185 Again, the ſmall AN Triangle . 
. this Analogy 3 tC (Sc) : Sechs * £ 
DC x a D | 
E e eggs, the F . of DC.- | 
; 159 In the ame Triangle Es, as : Wt 81 
Ce: 3 i 1 KA : N the Flux- 
ion of the Arch EC. "I haticp 5 aca : | be, 

| pe: the Meridian PD. 3 

160. At the Equinox E, ales ſmall Triangle ABE | 
gives EB EA: : (6AEB-: R: :) 4 : 3. And the 
Friangle GP I at the AI gives Gt : TY. > DN 
«IH (AEB): a 

161. Hence 4: 2 5 18 and 8 45 a con- 
fan Quantity; n it appears, that as the SPHERE 
of the Heavens revolves under the Merrbran;'the 
Flux ion or Velocity: of Motion in the Equator EI, 
| is every where the Jame, viz. ; that of the Eeliptie / 
is variable from & at E to I at H: And that = "is 
greater than \ a in the ſame p that 3 is. Tn 
_ Fo? {nt + * 
162. There is is, 8 Aras arenen Point 

c, where the Velocity of the Eliptic is equal to' that 
of the Equator, or Cc=Da. To determine this, we 
have every where 2: =: : 2 «DC (159) And by | 
the 2d Analogy of Valiety VI Non 885 we have C: 


| &E * ES Oy : «CD; therefore e — 
: whence abr, engen: 27 75 W 


1563. Now putting 2 24 (or cba) we TY 
DC- E R; and conſequently, . E ff 
- The Value of E is 23? 28), its complement” 66 8 


9 a e we find the Declination e 
: ? 


4a 


—— — 


# 
FE 
ket 1 


46 | — of Pronuams 


x6? 43; the Longitude 'EC=46? 15 5 the Right 
Aſconfun ED=43 47" 3 and therefore KC —ED= 
=2* 28', a Maximum. ) 


164. This Arch Du is, by 1 called the 


_ _ Evvartioy of Tims, the Quantity of which, for every 


y Degree of the Ecliptic, is computed and turned into 
Time, which added to, or deducted from the bolar 


Tru by the DIAL, gives the Mean Time, for a 
Cock or Waren. But for à larger and compleat 


- Explication of this Doctrine, ſee. pay: Enser of 


Ciock-Work, Chap; XXV. &c. 
165. From theſe. Examples it is rae that when 
the Fluxions of two flowing Quantities are equal, the 


| Different of thoſe Quantities is a Maximum or Minimum. 


166. A Third Example ſhall be to find the Relation 


1 af the Angles PeZ, and E which. every Hour-Circle 


Fe, PE. makes. with the Correſpondent Vertical, that 


tb Time which a Star tabes in paſſing from. one eee i 


1. the her may be the leaſt poſſible. (Fig 2.) 


Let (e) be the Place of the Star in the crater 
L., and E its Place in any other MN; then in 
the given Latitude PZ NIL. * Zer- A, 
with the variable Declination te, we have the Rela- 
tion of the Fluxion of the Hour-Angle ZPe=H, to the 
* of the hangs e Pe thus expreſſed, 


e 7 ο (by- N Fharoſor Hz 


: Wy „„ 
ae . „ eee 25 
e 4 


167. Alfo i in ol e e vd, 8 5 Place of f the 


Star being E, we have the Hour-Angle ZPE=H, 


1 and becauſe. E is in the fame. Parallel of Neclination # 


| 791 


| vl, *Thorsfole * . : 


. 4. 


* 


bites — „ 


41 n E; but when fi H, then the Angle e=E; 
and e the Difference EP. of. the flowing 
Angles will then be a Minimum; (by 165) and the 
Star will in chat Caſe paſs from e to Ei in the - Tir zme | 
poſſible, Re 

468. Hence it appears, "that there is a certain Decli- 
nation which will cauſe the Angle E to be conſtantly 


4 the ſame while the Parallel DE9 is deſcribed by the 
Star; and this Declination is found for any given Alti-, 


- 


tudes or Diſtances of Almicantars Li, or MN, on either 
Side the Horizon HRö, by Theorem 1 (at 28), which 


_ gives for the Point 600 this Equation == 
D, 


3 in the lame Manner for any other 


A 
Dx Wy —— P 
Point E, we have EE 7 x A 


3 — + are squal, the firſt Parts 
of the above Equations are equal; therefore alſo the 


RN L- AND NE, 
| von are lo, vis. e 8 


from whence we get the following Analogy; . act. 


AT AN: R xea—aA.: 2L : the Dec 
. „ Ly i 


169. In the above Equations, Ai is he Altitude 5 
above the Horizon, and a the Depreffon below it; and 


becauſe EZ exceeds 900, the Sign + was placed 2 
a in the ſecond Equation for the Point E. 
170. If one of thoſe Almicantars as Ll, be ſuppoſed 


to coincide with the Horizon, then Ze=Zz, and . 


and csA=R, in the above ve Analogy (168), which _ 
becomes „. a R: ca 9 NR. : $4 ; c. a -R: 
1 : 5D. 5 ä . 1 85 


TIM + 


— . 
; Rh 1 . 
i | 171. 
WOES N 
. 25 : 


# © 
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10 1 Selurion "of Prog. E118 
i Mn we have an eaſy Solution to that famous 


, and difficult. Problem of finding the Day when the Twi- 


1.36HT" is ſhorteſt of all in the Year, It is agreed by 
Aſtronomets that tlie Twilight begins or ends when 
tbe Sun is in the Parallel MN. of 18 Degrees below the 
Horizon; ; therefore i in the Latitude of Lox nor, where 
L=51* T 3¹ „ we have a: ct. a -R: : L: Dre 7 
nearly 3 which Declination is South, or of a contrary 
Denomination to the Latitude, as is indicated by the 
negative Term ca- R. Hence the Day of the /borteſe 
Twilight i is March' NT: 

172. A more ſimple 5 elegant Equation than the 


; above is obtained as follows: Let the Arch DF=a 


(Fig. I.) then R=CD, FG=5, CG=ca, and GD 
the verſed Sine of a. Now tis evident R- CG 
R—caa=v, and therefore c- R= -v. Again, join 
Dp and FA, then is the Angle F AD=zFCD=24, 


and making AF Radius, F D Tangent of za, then 


from the ſimilar Triangles FO, FAD, we have FG 


GD :: AF: FD, that is, .: n t. za; and 


Se 5.2 „: — (daR): : R: fa. 


Therefore laſtly, R: a:: L: D, or Radius is ts 


the Tangent ofy?:: Sine of 315. 30 Bine of rs 7. 
the Sun's Anne as ene 8 
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In Spherical TRIGONOMETRY, 


CHAP. XIII. 


A New and Eaſy MeTrop of foving all 
the Cases of Oblique Spherical TRI- 
ANGLES by Six ee. 8 eee, 


ane. | 


JESIDES the Methods of faluins oblique 
Spherical Triangles already taught, there is 
ene more, which I cannot ſuffer myſelf to omit, as it is 
| in. itſelf very ſcientific, leſs ambiguous than the uſual 
Method of a Perpendicular (43, &c.) and in every Ana- 
: logy, Radius is the firfl Term; conſequently. on all theſe 
Accounts, this Expedient muſt be very acceptable to 
the young Trigonometer, and ſtill the more ſo, as it is 
not to be found in any Engli/h Treatiſe, that I know of 
174. This Artifice' conſiſts in the Uſe of Six Sub/i- 
fiery right-angled Triangles, two of which will always 
contain four of the Six Parts in the Original Triangle, 
or that propoſed for Solution; an Idea of this. Matter 
will be eaſy to conceive from Fig. (23, 24) in which 
 ABC-'s, the Triangle propoſed, one of whoſe Sides as 
AB, is continved out to an entire Circle. Then on 
” the Points A and B, as Poles, deſcribe the two Semi- 
circles EK Q, and HER, which will biſe& each other 
in the Point K; and in an Angle equal to the Arch 
AR the Diſtance of their Poles. Alſo continue the 
Sides AC, BC, to Semi- circles ACM, BCN, which 
will be ſeverally biſected by the Semi-circles EKQ and 
by — in the Points D and 3 "but ROE divided 
> SE 1 N 85 K . 1 Ro (OF 
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„ 4 New Mernob of Serre 


by them jn the Points G, I. Laſtly, join the Points CK 
by the Arch of a great Circle. 
9 Then you wil! haye formed Six $ubſediary Tri. 
angles, viz Three GDKE, CDK, CID, right angled at 
"-D; and three others, CTR, ITK, CGT, right angled 
at T; the Sides and Angles of all which are deter- 
mined by thoſe of the Triangle: ABC. Thus AB is 


the Meaſure of the Angle DKG, or of its Supple- 


ment; AC and BC are the Complements of DC and 
CT; and' the Angles ABC, BAC, are © Complements 
of the Sides TK and KD: * 
176. By Means of two of "theſe gle dar) Triangles, 
therefore, we are enabled to ſolve all the Caſes and 


Varieties of oblique Spherical Triangles, as will be 
evident by the following Arge ei in which = F irſt 5 


| Term of oy Enaloky" is Radius. : 


. = 


pot : INS E X A M PI E 


7 Given two Angles Aj FOE B, 3 the induced. 

; 5 15 find one of the other Sides, as BWG. 
Here the two ſubſidiary Triangles DkG, and 
CG F, furniſh the/ three ee e f for a 
Soluttor vine. 
*ANALOGY' 1. "Radius Wy E 2: AB f box. (by 
Art. 8 rener "T9" e 

rsd rtl. Radius n e al Gk. (oy 6 
Then GK TK (the Complement of B) ere 
and then; the Triangle CGT gives 

ANAL III. Radius ee 2 DO. ec. 


& f F 
* oy o Db MX: 8 is F bs ts 
Fake 3 8 . : 
„ MF - * 


8 # 5 os 


The ſame ſubſidiary Triang'es ſerve here; and the 
5 . 1 ; wx. Ro N ö 0 * two 


2 


'3 ry Ig 5 . Den to fot Pa third Angle C. 


bg 


| give : 


pO 
+ B&G 


* ve. 


logies are the ſame, and give GT, as 


"FD EXAMPLE. III. . a 

179. 8. Sides AB, AC, and the contained Angle N. 

Being given, to find ane of the other Angles, as B. 

Here the two ſubſidiary Triangles CDK, CKT, | 

AnaLoOGY I. Radius: A: 

AxALOOx II. Radius: A: 

Ther CKD&DKT=CET. Whence 
e III. Radius: . 


. e e iy; 1 


S 1 By the ſame Data, to find the third Side 7 20008 
The fame Subſidiary Triangles give this Analogy, 
Radius' . CK: :5.CKT : 5 
" Alſo by the Subſidiary Triangles DEG, or, ve 

Ax Axor I. Radius: 5A : 
AAT OO II. Radius: A : 


BC. $f 


"m1 ben GDR DC=GC z whence 


Ax ALTO III. Radius: GC:: „ DGk BC. 
The more extenſive Application of this neu and ns 


Method of ſolving the Caſes of Oblique Triangles, will 1 
* left for ey or 1 Kan We own Tre. „ 


— 


"By Subfidiary OO Y 


twa firſt Anal 
before. 

e eee III. Radius: „r: i BL. 
by) | „ 


:: AC: CK. 


z , 
* 4 . 
L ? 
* 


4 


: 1AC- wp, 


eK al. 


2 AB: GK. „ 
AB 8. 5 


5 


q 


8 6 ) KO=ED+HB=3. X +8. 


4 
* 


$3. -# New Munro mag 5 
en A r. My. 


The Mzrnod of ſolving oblique Sphe. 
rical TRIANGLES, and many other 
PROBLEMS, by the Suns and Dipes- 

'  RENCEs8 of SIN ES, Co-Sinxs, and Tan- 

bt GENTS of two given TOES of a Cie 

| "CHE. . | : 


187. HERE is 3 Weste for FOR any 


Caſe of an Oblique Spherical Triangle by the 


foregoing new Theorems, without having any regard to 
Natural Sines or Tangents. at all; performing every 


Thing by their Logarithms only. The Reaſon of which 


is is explained by a Diagram, as follows (See Fig. 25.) 


182. Let PE be an Arch of a Circle denoted by X; 


and PB another Arch=Y ; let C be the Center, and 


PN the Diameter of the Circle; EO the Chord of 


'  2EP; and draw BM and BH perpendicular to EO and 
NP. Alſo draw EB and BO, and pependicular to 


theſe, draw CR, CT, terminating the Tangent RBT 
to the Point B. Laſtly, draw MO, ME, CB; and 
AL. perpendicular to CB. This Conſtruction well con- 
_—_ the following Particulars will be evident. 
183. (.) The Arch BO=X+Y. (2-) BE=SX—Y. 
V. (4.) KE=ED—BH= 
5. X g. V. (5) KM=HC+DC=c.X XTC. V. (6.) 


5 N. (7) Br. NN. (8.) BR= 


40. ) AL=s.IXÞ51. ( 10.) CL=c. 


; TX-FLY 3 (4-F BF=s. Fy * + Ha (12.) CF=c. 
N. (13) oa. (14), ME= 
: Mes | 33 


By Suns and DirFERENCES of Stnzs, Cc. 53. 
184. Note, the Truth of the 23th. and 14th. Arti- 
cles may not, perhaps, appear ſelf-evident at firſt Sight; 
but they are eaſily made out thus. The Arch MO 
MN +NO=Y+NO=Y-+1280*—X., Therefore MO 
(the: Chord) being the Sine of > the Arch MO; it is 


8 


1 plain MO 90 N 3 conſequently MO=2 5. 

——ů— c 
90 , -K, or MO=2c.iX—iY. In the ſame 
Manner the 14th Article is proved true. From this 
Fe g the following Theorems are derived. 


4 


28 THEOREM L) 


ek: K NN X Cs. N= V. 

105 the Triangles MK O and CLA, right Ga 0 „ 
at K and L, are evidently. ſimilar, the Angle at the 1 
Circumference M being equal to that at the Center C. i 
as ſtanding. upon twice the Arch BAQ ; therefore we 
ſhall have this Proportion, OK. OM :: AL + Ca; 1 
that is, by ſubſtituting the Value of theſe Lines i =. i 
and Co-fnes, 5.X+5Y-: 2684 IX—4Y : £4 . N: 11 Y 
from whence by muliiplying Extremes and —_— 
you have the nn as above ſtated. 


„ 12 


n l 7 1 5 24 c 5 4 oF x a 
1 REY d 
83 5 
*. H E 0 K E M 11 a 
> 4 
8 : ny * 


1 1060 Nav — 8 "FIY 3 by . | 4 
For the e EK; and CLA being ſimilar (bor N 
te ar Reaſons: as before) give this Analogy EK. : = 
: Oy that is, _ I f. X: 


9 1 99 1 a 5 
f l 


ER 0 EY : 1 6 7 r ; which We the | 
Theorem! above. e 80 * 
| „„ ; 9 
\ . 


T HE OR E M III. 


137. Neva. 5 TTY X= . 
Uh For the ſame right-angled' "Triangles MKO, CLA, 
give MK: MO: : CL: CA, that is, by ſbſiturin 


the Value of theſe Lines, X. Lc. V: 26.IX—TY : 


61. IY : 434. fig, e ae Theorem is * 
rived. © ef : « # 


1 


ee 
- aX—6.Y=25, XT x 8. NV. 
ra from the Tan EK B, CLA, we have as 
before, BK: BE. AL: AC, that is, &.X—.Y : 


28. EX— IX-IY: 25 e 1. which gives t the Nat 
e 4 „ 


. . ; 1 4 ys 4.16/58 ? 
THBODE en. . 


i Fos the ern Partof the Ee Equation is is 07 88K 
e = TED " And - her 
„ > 3 a6oERb Es NIE, | 


4 cauſe == "and alſo —> =—==(24- 3 ee ub 


tuting theſe . inſtead of ines and Co-ſmes, this 
very Fraction becomes the ſecond Part of the Equation 
in the Theorem; whence the Theorem is evidently true. 
1090. In order to apply theſe five; Theorems to the 
. or. rather. to convert them into theſe F 'orms, it 


| 221 r R are 4 certain Decimal Numbers 
© below Unity (or Radius) 1,0000000000 "whoſe Lo- 
"guithm' is 04000000 ; ; therefore any two Numbers 


FF | n E 


— 


- 


propoſed, as 8635, and 8467 may be conſidered as the 
Sines of two Arches X, and Y; and then being put 
into the decimal Form of Sines 0,8635000000 ; and 


| 0,8467000000, their Logarithms will be 9:936262, I 


aDESAITIO 4 pos 


By Sunne Durex f Siugs, We. 53. 


5 


191% Now in the Canon of e Cines, you | 


find at lese 509“. 42. 40" . 82 
9927739 1 We . 16'= . 


88 Half Sum i is Ds 7. 50K v. 
Half Diff. o. 55. 42=3X— v. 5 


ae * 


| we have the 3 # 5 7 5 
n 58 46.58”. 94932072 
e — 0 55 4 97999974 
dee 255 
5 1 9 7 79 Þ OR. - Pr 15 93 HET 
| The 8 is the 8 of Þ at Bt 
XN vie 1% 10õj e ‚ - S 616 


192. By this ee, ee NE ab b 
a the. Sum 17 102 of two Numberz 8635 and, 
840% may be found by a Table of Logarithmic Sines ans, 
ö iP arts. 


independent of the uſual Method of proportion 
in the Canon for common Numbers. 


- 


193. For another Example, Jet Theorem III. (Art. bl 
30) be put into the Form of Theorem II. here ; thus. 


put the triple Product Z, xc XP, and 


| R-SY _ 
Wi > © then the Theorem becomes 8 = ci = 


2. r X 8. iX —zY 
I. x B.. 5 


| "Ie This'Example we fhall illuſtrate vy r W "8 


| en the OS? at 5 35, or 45% 223 the ; 


by the fecond Part & the Equation of Theorem I. 


4 - 


" SA "New MzTron. "of SOLUTION 


„Angle RH '68”; and the Side B=41* 10; to find - 

the Side C? Here then we'have * nt eh . 
TT L88880 
aan 48 50 g,876678 t 9,818392 

3 62 of 2 7933 nt OT 


234,735 
* 


7 * ** 11 42 4 5 : . £ 3 83 5 


N „ 36 Coſine— 9913718 
X- 7. 8 Sine 9,1320630 
ee, ee Sum »'' 978 
Subduct z 53 Py 0 9823051 
There {IR ac = ie 28˙ 5 92523427 
Therefore the Side C = 51. 32, required. i 
„ Thus you transform any other Theorem, and 
find che required Parts of an Oblique Spherical Triangle 
without regard to letting fall a Perpendiculur, or to 
' Natural Sines'and Tangents of Arches; but becauſe this 
may be deemed a difficult” or troubleſome. Method, 
(though a very ingenious one) I ſhall leave the farther 
aner eres it ' to? FOG ef e e 5 Ex- | 
ereiſe. 1 N B93. ; * X 


N & ** WY, 5 N 1 7 : % 4 

— — * J 2 : 5 we A '®, : £ 
4 i N ns * 3 . 7 if I'S TE nn 2.54 +4". Þ whe £4 þ 
Bas 4 * * WIE. Da. S. 4 * : 25 8. IS 5 & 5 w 1 * 


; : . \ 2 i i k 
' . j * : 98 5 q : ' I 
* : 1 ” g 1 FIR $ -©.., 4 : ' 1 4 7 * 
5 : ' * irn * 1 29 * AE 4 ates 147 2 ” 
1 # - - * 
* ”, 7 ; 
1 , * 1 1 4 Si b 4 4 . 6 4 * : 
8 : 1 8 ; $ F ; . . 5 
5 3 | 
; : 1 0 I +; 7 x * N Gn 
* E FX jos 4 188 3 : \ 5 A % ; 5 2 
, - I . < S 8 . Bag * by N — * a * 
* 8 * 93 gu = „ 1+ 1 Fey 1 7 % 5 X+£ 1 * 25 a ; 4 
N 7 x * 
f 3 A 
- - - 
” 


* 


— . D ; . ; 
I S547 4 
k th © £ DO 8 4 
- $ % £ » 8 4 * *. 4 
- 4 1 1 ; _ . . 6 
e 1 "II op * 555 * 2 e 5 + 7 ** 2 ü 
* INVESsTIOAT TON of SERIES. 57 
1 1 8 q = 2 i + 4 14 528 : ; eg 3 5 7% * 1 1 
3 = 4 # 1 50 I * 4-44, wht 7 £6 ASS d N FL „ N N 8 e b * 
8 * A 8 Fi iN 4 f ; 5 * N 3 1 N 2.3.4 ms we” 1s wy 
. 1 - — * - . 7 
0 7 . 4 13 8 N * N i 5 => i & 4 + * 
, P , * FE Ws 24 PT ER 4 +454 * I © 4 - : e * . ö : 1 1 ; ; # . 2 
* 1 FS i \# 3 3 74 14 2 2 4 ** 8 1 6 g * 
f EW « Y 2 * : 7 7 3 . E * 7 2 8 
W 1 8 o 325 : IS; > * 'S * +3 q 9 i * * S 
An Wen tren 0 of SERIES tor L 


5 


of a Cixcrx; and of the Ste,” TAN- 
nr, and SECANT of any given Axcn 
- or ANGLE, in equal] PaRTs of Rapivs. | 


8. 5 i HE Radius of a Cirde being fuppoſed to 
conſiſt of 8 equal Party,” we 
je dr the Principles of Trigonometry, very eaſily 
"find the LtxoTA of the CixcUMFERENCE. thereof ; 
and that of a Sine, TANGENT, or SECANT of any pro- 
poſed Angle, exprefled in the ſame equal Parts, f in the 
Manner following, from the learned Dr. Hall T. 
1 395, Let A be the Center of a Circle (Fig. 19. J the 
Radius thereof AB=#; any given Arch BC=z; its 
Sine OD; Tangent BH; Secant AA/S/; draw 


Art. e Then SES 1 H=?, , Ki, 
Obs ho OY 5 * ug 
., Then AH ge "AB" hp 2 75 2 


e e of the Arth BO reed. 


199. If now we put AB=r=1, then the Arch BC= 
hs 15 —577, &c. And if we ſuppoſe the Arch 
—_— Degrees then the Sine CD=j;AB=j, (for 
1 . the 


> pating the Val Ur of the Ptkryueny | 


* . 


Al infinitely near to AH, and all the other Far tho ES 


% 4 
: 
— e *. * 
. 7 3 wn 


—— 


a * 
* — oC Ee — 2 ———— — — — — — 
ng pode III IE 2 


e 
1 


85 . 4 er of Sons. 


the Sine of 30 is half the Chord of 60?, which is 4 of 
tze whole Circle, and is the Side of a Hexagon 50 to 
KRadius.) Therefore AD*=AEC*—=CD*=r —E=I's 
_ whenceAD=y/4=41/3- has fines, AD :CD7: : "AB: 


BH, we have 3% 3; 18 * Lee 77 3 therefore fz, 


NEE 3 , heh os: &c. Laſtly, by ſub- 
 Rituting, theſe, Values of | the ſeveral Powers of t 
in the above "Equation, it gives the. Arch L * 
Ae e. Ke. M 
200. Now as BC. is 4 of the Semicirele, we have 
64/3: = 5 . &c. conſequently 
5 : 16 chis Number be ultiplied by the ſeveral Terms of 
b the Series Irr- —x39 F 7295 &c. and the Sum 
Ws all the Negative Products taken from the Sum of 
all the Affirmative ones, the Remainder will be the 
Value of the Semicircle,. whoſe Radius is Unity, Viz 
3145 59265363 or this will be the whole Circumfe- 
rence, when the Diameter is equal to unity. The 
a Reader mer ſes the whole n Sherwin' 7 75 Hato, 
Page 55. OE th 
+ ROUT. The whole 2 15 1 2 y Part, 
Areh, or Angle, BAC becomes known, by the Rule 
of Proportion; and then the Sine CD. of that Angle is 
*alfo known. For by fimilas Triangles ACD: and d ECG, | 


ne AC > EG : 'EC, that is rr: | 
— ne peat gent, rc 


7 ; | . 1 * 8 +z Ra 
ag 905 258 — wa” 
, ; BY % 1. ; #3 FO 
Fe * a Do 1 . : WN 1 by BY be 
* * 1 jy 1 57 4 
a . 3 Th s * þ 1 | py * 4 x. 7 
# P's © 3 . 14 1 3 / 
CE 1 „„ "Ry 28 5 
3 8 3 $ 4 1 wo BI . 
* e. 2 * wa | * 1 2 * , 5 0 
* * 


jp 


vr Sens, TaxcenTs, an Sneawrs. | 59 


203. "Having thus found the Value of 2, we have | 
Bur + ha? + z alſo * +353 . . 
2 =x". Hence tis evident, that ; 
T7 2—225=x XK — Hr — = F833% TY 
ai rho * K Frogs! 
. re 32572 +, & c. CD. 
8 e now the Arch BC — 
then the Sine CDI r —Jörs &. 
0584147098. Having thus obtained the d the Sine, the 0 
fine AD= /AC*—CD*= * 1 1 8584747 is caſtly had; ; 
'  asalfothe Tangent BH, becauſe AD: CD:: AB: BH. 
And the Secant AH = A AB.. BH*, or it is found by 
tbe Co- ſine as at (Art. 16). | 
204. The Number of Degrees in the Arch a, is 
| had by ſaying, as 3,14159, &c. + 2 :: 1809: 57. 17. 
And this is the famous Arch, or Angle, called 
the 4 rigonometrical Modulus, ſo much uſed in the Har- 
monia Menſurarum of the celebrated Mr. Corrs. 
205. By putting the Modular 1 57? 17 44” Tate :. 


* 


Deine we have 57s FPS 1,7588123 
Whoſe Arithmetical Complement is 3.241877 fs, 


Suppoſe, now, the Sine of any other Aus were re- 


quired, : as that of 30 45 3 in Decimals; then 


39975. 5 
z F 
x 


206. "That: if to the Arich. Complement 8. 2 41 877 : . 
you add the Log. of the dec. Arch 30 e e 


"The Sum is the * of the Arch 
in Cdn Forts 1 88 1 856 94729722 


TY 


* 4. InveerIoAtion of 8 . 
207. The Arch BC of 309. 45, being found "FG to 

05360 45 you find by the Series at (202.) the Value 

of — 858 5112931 ſee the Proceſs following. . | 
e's the N of 2 OS * 9929722 


be 5 os . 
8 gies 
| the Lemar > IF ar  0,778151 


— — | 
3 * the Logarichm of 1ni=0,02 $764. 8411015 
| 4 ben z—+iz*=09,5 3009 —0,02 5764 0,5 10926, which 


i ies ſnall. Therefore take the third Term thus: 


9 the "IE 3 OP 


8 | 5 * "I 
| Subduet Logurichm of 120 — eh. | 


, | Remains the tag of hes? 0, 00037 0 65369429 
Then -A rea 205,51 1297, which is now a Tittle | 
too large; therefore, laſtly, | 

aa the Logarithm 5 288053669 * 947297 7 22 . 

. | wad % FT —— 7 


8 % y OE 9 IE: — — 
a oF: 8 # 3 HE ; TY fk 


Seba the Logarichey of 5040 7 — 3.702431 | 


e re 


Remains the Log: 'of rigs” =:0,0000025 > hen 1 
80 that a— r — E463": =0,5112941=x. Then 
the Co-ſine is AD=0,859q4064 ;' the Tangent BH= | 


| 0,5949375 and the Secant AH=1 1635938; as they 
| are t to de ſeen in the — CANON. 


7 a ** a 
{ . y 1 83 8 7 , i 
— — 2 5 I 2 z 92 by 
tl + 
E N * 9 W Se ** F s * 
4 * 8 : 5 7 * 5 Lg: x7 * £ . Fa ; 
* 5 N HEY p 4 1 | f £ . 48 5 \ wg ER 4 
6, X * t code 4 F/y 'F ; } 2 3 28 7 4 $7 * 5 
. * * 
. F Tod 8 
- * * 
* 
% 
x 
S 
* 
- * 
- * 
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7 — — - 


6 pts 
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5 
A 
1 
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* 


> 2 | 


SOLES] Fu 


WL 


__— OED 


8 „ 
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E — * ö 
7 * 9 1 
% 

I 5 7 + 

2 2 * 4s © F 

1 9 » 5 * 1 3 
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, . 


- a 4 "wv, = 1 | 


 ThePumenues of the e Pao 

Ixeriox applied to the DELIN»AT10N 
and Sor urIoN of Spherical TRIAx- 
Es, and the ConsTRUCTION . of 
Mars, DrArs, & o. 


i 208. U PLane oF PROJECTION is that on 
be” which the Circles of the Sphere, great and 
* ſmall, axe projected, by Rays'paſting from every Point : 

pkt them through the ſaid Plane, to the Eye; according 
to the Diſtance. of the Eye, different Kinds of Projecs \ 


tions will ariſe; as the Orthegraphics, the EP; ip | 
; Stereographic, &c. 1 
=p 309. The latter of theſe, viz. the Sensen pao- 


Jrerionx, is that which is principally concerned in 
Spherical TRIGOVOME TRY; in this Projection we con- 
ſider three Sorts of Circles, viz. (I:) A dire? W 
or one placed direcily before, or perpendicular to, the 


. = * 0 
</ Bs hon GS A} oe ent hon DOTY 
* AE SY, en 8 ve 1 


= i! Axis of the Eye. (2.) A Right Cirele, or ſuch whole 1 
= Plane paſſes through the Eye. (3.) An Oblique Circle j 
3 is one with other Poſition, Gas the to above men- f 


+210. Let ANEF. (Fig. 363 be neigh Cre ith 
Plane paſſes through the Eye at E, placed in its Peri 
phery; draw the Diameters AE, DF at right Angles; 
and let EB be a Ray (or right Line) proceeding from 4 

; he Point B to che TEL 3 this Nen will cut the Diame- = 


* 
* , ; 7 8 — * 
1 {> 
af 7 - 
7 ö A ; 


WI — 
? "> + 


„ The Streagrapbic Projection | 


ter DF in the Point G ; and becauſe the Point B; ant all. 


other Points in the Semi-periphery DAF are projected 
ip like Manner into the Diameter DF, they ats ſaid to 


FU, be Stercographically projected, as the entire ſolid Ham- 


c ſphere is thus projected upon the Plane of that great 


Circle: which is placed direct Toes the Eye, or whoſe 
Diameter i is DF. 5 


211. And thus a Point I: in the lower Semicircle 
DEF, is projected into the Point H, in the ſame 
Abf. FD Fanginges, 8 beyond the * 

EF, 

212, On the Pains E. as a 0 with the Radius 
EC, deſcribe the Arch MC, and draw CB; then is. 
| the Angle CEB TAC (by Euclid's Elements 3) and as 

| GC is the Tangent of the Angle CEG, ſo it is evident. | 
the Arch Ah is projected into a right Line CG, which 

is the Tangent of ha If the Arch, and hence the Diameter 
FD has been called a LixE or HALF-TANGENTS, of 


1 demi fang ents. . 


22213. Suppoſe B, . the two T of a rhe 
Cirele BCl, placed obliquely to DCF, or making an 
Angle with it, BCD; then it is evident the Diameter 
of that oblique Circle will be nn (by the yy at, | 
E) into the right Line GH. 

214. Biſect GH in N, on which, as a Center; Sh x 


be e Side AGELHQ; of which, 


the Part AGE js the Projection of that Half of the 
oblique Circle which is above the Primitive; and the 
other Part SLES? ls the Projection of the. Semicircle | 
below. 55 
. D Diflanct 5 the Centers CN. of 10 the Prinitivs 8 

end projected Circles, is equal to the Tangent of the Eleva- 5 
N the 2 Circle ag: ve the Plane ad. the Primitive, 

| 83 1 | that 


” 
5 
. 


Of dhe Suns jo Pale 2 


FR is, o. = Angle BCD. . For join EN, and wich 
us EC frike the Arch, CK, cutting EN in K. 
Then {be of the right-angled Triangle GEH, (in 
a Semicircle GLH,) we have the Angle GEC=EHC; 
; but GEC=zACB,and EHC="ENC; ; thereforeENC= 
ACB; conſequently CEN=BCD, or the Arch CK= 
BD; "but CN is the Tangent of CK, and thereſote of 
BD, the 'E levation of the Oblique F196. which . to 
be hen.” 5 
216. It is likew.iſe at "the 15 7 8 ride that 
EN= =GN, is the Secant of the ſame Angle CEN. or 
BCD; We the Secont of the Elevation ſet from G. 
or the 7. agent from the Center C, finds the Center N 
of the given. Oblique Circle to be projected; and 
hence the Line DH is called the Line of Meaſures, for N 
all Projections on the Primitive ADEF. _ \\ 
$i 217. If Bl be the Diameter of! a ſmall Circle, garalld 1755 
to Ak the Diameter of a large one (Fig. 27.) 3 the 
.' center of i its Projection N will be diſtant from the Center 
- of the Primitive C by the Secant of its Dir flance BF 8 
rum the neareſt Pole F of the Primitive ; and its Radius J f 
will be equal to the Tangent of that N 5 For by re- 
fon of the ſimilar Triangles GBM and HBM, right | 
_ angled at M, we have the Angle GBM=BHM= 
NAH; bat GBM=GEC=GBC ; ; therefore GBC— „ 
| + EN NBH. : If then from the right Angle GBH vou dedudt 7 2 | | 
„ ow one Side the Angle NBH, and to the Remainder 
7 | add the equal Angle CBG, « on the other, you. will haye BY | 1 
the right Angle CBN. Therefore BN the Radius 
the Projected Circle, is the Tangent of the Angle BCF '» = = 
ad ON the gecunt thereof. Q. E. D. „„ 
218. To find the Pole of an Oblique Circle "AGE „ 
ce ew" TY G draw the Line SEN» as. © 


3 8 f 1 
0 „ >” H , , 7 2 3 


* 


LY 


| 


Frow the Point B ſet off 90 at 100 


1 . 
. 
. 
* . 
= # 2 | 
« * es i. .- 
— 
— 


to] P Waden kom 5 
kya Ruler to E, and it will croſs the Diameter DF 


In Oz the Pole required. Or thus, the Tangent of 


DB ſet from C to O, gives. the Pole O as before, - 
becauſe AP=BD. f 


2191 It is an univerfal Pcineiple 3 in 'Sereogradbici, 


5 A Arait Line OfI drawn from the Pole O of any 


oblique 'Cirtle to the Primitive, will cut off an Ach 


A from the ſaid oblique Circle equal to the Arch AH 
m the Primitive, which meaſures the Angle ACH. 


Fot (1 Suppoſe the Pole O were in the Center 8. 


chen the oblique Circ, AGE would become the dire 


Circle AFE, or coihicide 1 with the Primitive, and, the 


Arch AB would become AH. (2), Again, ſuppoſe the 
Pole O were placed i in the Primitive at D, hen would 


the oblique Circle AGE become the right Ciccle ACE; 


and the Line DH Wil cut off a Part Ah equal to AH, 
» or Angle ACH (by. Art. 212.) as before. Therefore 


= Z) all the while the Pole O is advay ein from the 
eriphery at D to the Center at C, the Circle AGE. will 


be Aber, and the Line OH will conſtantly cut off a 5 ; 
- Fare AB Aff in the Periphery 


Cry» | (See Fig. 38. .. | 
220. The Diftance betwee t be Poles, of any two: Gale 


* the Projection i is equal 4% - Angle: which is Formed 5 


ir Planes at their i inter, Gion. Thus CO the Diſtenee 
between the Pole © e che Primitive, and the Pole O 
_ of the oblique Circle AGE, as. equal, to AQ=PF= = 


"BG; the Meaſure of che. e ee FAG. 
1 Art. 212). See Fig. % n odd 


221. By what 8 De A 4480 | 
4 is eaſy ta draw. an Oblique Circle through any; given Point 
in the. Plane of Projection to make a given Angle GIE 
Fi, the Primitive — For or if with the Tangent of 


ü „ 


— 
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the given Angle, and one Foot of the Compaſſes in C, 
you ſweep the, ſmall Arch (ab;) and then with the 
Secant of the ſaid Angle, and one foot in the given 
Point P, you ſweep another ſmall Arch (cd) to croſs A 
, - the former in (e); then will (-) be the Center, on 1 
which to draw the Oblique Circle IGL to make Fo x 
given Angle GEK required. Pig. 30. 
222. To conflitute an Angle of a given 8 FRO | 
amy two; Circles, (I.) Let the Angle be at the Center 
E of the Primitive. Then having adapted the Sector 
to the Radius AC (Fi ig. 29.) take from the Ghords the 


Number of Degrees in the given Angle, and ſet them 

| from K ta H, and draw CH; and the Angle ACH is „„ 
ttgßat require. | 4 
„ (2.) Let the Angle be at the Periphery of the 5 


Primitive, as at A, (Fig. 26.) Then drawing the two 
Diameters AE and DF at right Angles, take the Tan- 
gent of the given Angle from the Sector, and ſet it from 
 C:toN; and upon N, with the Radius AN, deſcribe 
the Circle AGE, and it will make * Lug DA ä 
| | required, (by 215.) : 
224. (3-) When the Angle is neithis at the Center 5 
nor Periphery, but at ſome Point P, contained between 
the Arch of a right Circle PE, and of an oblique one [A 
PB. (Fig. 29.) Here you proceed thus; ſet the Tan- | 3 
gent of AP from C to N; and upon N, with Radius 
NP, deſcribe the Circle LPM IS for a naw Primitive; 
And chen LM will be a new Lins of Meaſures; and \_ 
glace the Angle BPE is given, the Angle DPB, r - 3 
Iq, is given; therefore (by Art. 221.) you draw _ . 


0 de up We to make n * e . 
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the given Angle LPH; and then its Sauren HPN 
is the Angle made, as required, | 


| - - (43a ee BD do incer- 
/, ſefted in P by. ahother oblique Circle PG, under a 
given Angle DPG; then in the new Primitive make 


the Angles HPN, and IPN-(by Article 221.) ſuch that 


their Difference _m be the —_ 1 BY * the 


Thing is/done. | 
226. By this fatnows Problem all the ES | 


| of the Grog ot SeyerE are drawn in Mars, and 
Diagram, for Diatzans, &c. in that which is uſually 
called the Horizontal. PROJECTION. Alſo by compleat- 
ing the new Primitive LPM, and all the Meridians 
PH, Pl, &c. You have the common Mars of the 
. WokLD in two HemIsPHEREsS, upon the Plane of the 


General or Fir Mzxibran, I hall only obſerve fur- 4 
ther, that if the Radius LN be divided into 9 equal 


Parts, and through theſe and the Poles P and 8 
oblique Citcles (as PHS, PIS, &c:) are drawn they 


will be the Maz1D1ans through each 10 Degrees, and 


. becauſe they are equidiſtant in the EQUATOR LM, as 


they are on the Gros itſelf ; therefore ſuch a Mar is 
ſaid to be on the Globular PROJECTION; and is the beſt 


of all others. Alſo the ſmall Circles or PARALLELS 
_ are drawh equidiſtant in the Line PS, and in * Fes. 5 
; mo of the Primitive, in the ſame Manner. 


227. From the Principles premiſed it will not be dif. 


| Scult for the young 'Trigonometet to projet3.any Caſe of = 
Spherical Triangles he may have Occaſion for, as in the 
ſollowing Examples. In a right-angled Spherical Tu- 
es let there be given the Baſe or one Side 365. 155 
| 0s the —_— Angle 420. 1 0 to find the other Parts, 
| by. 


” # 
pe Far 


0 f the — in * 4 WG 
by projection. Deſcribe the Primitive ADEF (Fig. 
31.) and its two Diameters AE, DF; then ſet. off 
360. 18. from A to H, from the Chords on the Sector 
fitted to the Radius CA. And {by Art. 221,) draw the 
Oblique Circle AGE to make an Angle GAF=42% 
34 with the Primitive: and, laſtly, draw the Radius 
CH, and the propoſed Triapgle ABH, e at 


5 = is projected, as required. 


228. Now to find the Side BH, 2 Part of a viaht I 
Cirels, it is always ſuppoſed (in theſe Projections) that 
the Radius AC is equal to a Line of Half Tangent you 
have on your Rule; then on that Line ſet off the Diſ- 

tance CB, and it will be found to contain 6519. 30. 

whence PT Re BH is e 8 the 2 re- 

1 puny 0 find the PERO! AB; fiſt find the 
Pole O of the Oblique Circle AGE (by Art. 218.) 

then lay a Ruler from O to B, it will cut the Primitive 

in (a), then the Arch Aa meaſured on the Line of 

Oͤdords, will be found 4p. 52 for IG as 

5 E a (219.) 
2830. To find the Ae ABH. Set dais Pie 
H to P; and the Point P will be the Pole of the right 

Cirele HI; but the Pole of the oblique Cirele AGE is 


03 therefore lay a Ruler from the Angle B to the Pole 
8 and it will cut the Primitive in (5) 3 then the Arn 


Pb, weafured on the Chors, 225 the Angle AB 1 

BY. * | | . 1 $18 $03 15 „ 
* 231. It way to ſee that * Triangle BCG; ow 5 
Center, is the Complement of that at che Periphery 
ABH; and that they ure W fs ſolvable: hgh the: 1 2 
3 and Proceſs offline THe at 


0 K 2 7 5 ; oa f 232. | 


68 The Stereographic ProjreTion : 


232. Let a 2d. Example be the Delineation of an oblique 


| Spherical Triangle, wherein two Angles and a'Side included 


are given. Draw the Primitive, and its two Diameters 
AE, DF, "(Fi ig. 32.) and ſuppoſe the Triangle AHB, 
has the Angle at A=36*®. 08", the obtuſe Angle H= 
104? (or the Angle KHL=769. ) and the included Side 
AH=30* oo. Then 418 the oblique Circle AGE 


to make the Angle GAF=36?. og“; and ſet off from 


the-Chords A AH=309. oo; then e the Diameter 


HI and the oblique Circle HKI to make the Angle 


KHLz=76® oO; and thus will the nne RIP * 


big: projected as required. 


233. Then, 10 find PR Side AB; firſt Seal A Pole | 
O of the oblique Circle AGE; and over the Points O 


and B lay a Ruler, and it will cut the Primitive in (a), 
then the Arch Aa, meaſured on the Chords, wa. be 


found tobe 425. o. AB, require. | 
234. To find the Side HB; find the Pole 5 of 2 
oblique Cirele HKI; and laying a a Ruler from P to B, 


itt win cut che Primitive in (5) 3 then Hb, meaſured 
. upon the Chords will be found 24 04=HB, required. 
2235, To find the Angle at B; a Ruler laid from B 
to the Poles O and P, will cut the Primitive in c, and 4; 
then the Arch (4%) meaſured on the Chords will be 
5 dere ernte men 40 18 BH, as required... 5 


236. Aſter all that has been premiſed, the 1 


Thani of a Hon DAT (which is the moſt 


uſeful of all others) muſt be extremely obvious in every 


» -reſpeRty; for { ſuppoſing in Fig: 29, the Primitive. ADEF 5 


too be the Hoxizom of any given Place; then AP is the 


a 0 and KFD, M lc. 1 
* 1 e 


LArirupr of that Place, P is the Projetion. of * | 


„ 


of the SrurRE in Plans, ä 


Sphere welas the Horizon i in the Points K, Q 
. e 


237. In has to find the Diſtatices AK, AQ, Ke 
from the MER IDIAN AE, or Circle of XII, you have 


the right; angled Triangle APK in which the Side 
 AP=Latitude, and the Angle AP K to the given 
Hour, are known; ; by which the Diſtance AK is 


known fof any Hour, Half, Quarter, or Minute if you' 


pleaſe, Laſtly, by a Ruler laid over the Center C, 


and the Point K, you will draw the Hour-Linzs upon 
the horizontal PLAIN, as required, 

238. As the young Trigonometer may not have al- 
ways at hand a compleat Stereographic Prejectian of the 


: Sphere, I have ſupplied him with one (in Plate IV.) 


upon the PLANE of the Horizon, which will preſent 


moſt of the Horolagical, Nautical, and Geographical Ideas, 
Which he ought to have always freſh in his mind. 


239. For, Airſt, it gives the Projection and Paſiti tion of 


all the Hour-CircLEs, and their Intenſictions with the 


Huorixon of Lonpon, by which the Hour- Lines may be 


$M". 


” immediately drawn on ſuch-a Plane; and the Horizontal | 


Diaz made for that Metropolis. 0 0 

240. Secondly, it preſents a View of the 98 
PoinTs of the Cour Ass, called the Ryumss, with 
their Names ; as alſo with a double Hok1zov,. with 


5) : the Degrees of AZIMUTH from North and Seath ; and a 
ftthoſe of AMPLITUDE from Eaſt and Weſt. : 


; 241. Thirdly, the Contours or Out- Lines of all 5 


. ConTINENTS, viz. of EuRoPE, ASIA, AFRICA, and 
AMERICA, are delineated ; and a general Idea of Zen- 


gitude, Latitude, Hour of the Day, Seaſon of the Yar, 


5 * of " and Night Ke. may be eaſily obtained 


x RA f : from 


oats —T0T———— IIs 1". eres nts, 2c oe IGE 


n e. Vier ot it, fr any given. Part of the, World 
with. Regard to GazaT BriTam, by Means of 
Fi Mzxzmikes, . and FnArTETLSG of LaTtITUDE. 
lo the Bearing, ar Punt of the, Compaſs on Which 


3 Part li TY) of- Lonpon in the. 
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